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I.1. Composición aromática del vino 
La calidad del vino está íntimamente relacionada con su aroma. Como es bien sabido, 
el aroma es uno de los parámetros más importantes a tener en cuenta para decidir si un 
vino nos gusta o no. Por esta razón, es fundamental que todos los factores que pueden 
afectar a la calidad aromática del vino sean óptimos. 
 
Clasificación de los aromas del vino 
Hay múltiples clasificaciones cuando se habla de aromas del vino, pero 
indudablemente las más habituales son la clasificación en función del origen o naturaleza 
del aroma y la clasificación en función de la importancia del aroma respecto al aroma 
global del vino.  
En función de su origen 
Los compuestos volátiles que se hallan en el vino pueden tener diferentes 
procedencias, dividiéndose según esta clasificación en las siguientes categorías: aromas 
varietales, prefermentativos, fermentativos y post-fermentativos.  
 
Aromas varietales 
Los aromas varietales, también denominados primarios, son aquellos que resultan 
del metabolismo propio de la uva. Como bien indica su nombre, cada variedad de uva 
aporta al vino una personalidad aromática particular, ya no tanto por tener compuestos 
volátiles específicos sino por las diferentes combinaciones y concentraciones de los 
compuestos que contienen. Los compuestos aromáticos varietales están relacionados con 
la tipicidad de la uva y juegan un papel más decisivo en la calidad y el carácter regional de 
un vino que otros componentes del aroma y, puesto que suelen tener una gran 
contribución en vino final pueden ser utilizados para diferenciar vinos monovarietales. 
Aunque los aromas primarios básicamente dependen de la variedad de uva también están 
influenciados por el clima de la zona y las características del suelo donde se hayan 
cultivado las uvas, manejo de la viña, aplicación de tratamientos fitosanitarios, etc. 
(González-Rodríguez, Noguerol-Pato, González-Barreiro, Cancho-Grande, & Simal-
Gándara, 2011). 
Los aromas varietales pueden encontrarse en formas libres o, por el contrario, en 
formas combinadas no volátiles. Es muy importante tener en consideración estas últimas 
que, aunque mientras están ligadas a moléculas de glúcidos son inodoras, a lo largo de los 
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procesos de vinificación y fermentación se descomponen liberando los aromas varietales 
de sus precursores constituyendo así, conjuntamente, el potencial aromático del vino 
(Hidalgo-Togores, 2003). 
Aromas varietales libres 
Se pueden clasificar los aromas varietales libres en función de la familia química a la 
que pertenecen. Destacan tres familias químicas: las pirazinas, los compuestos terpénicos 
y los C13-norisoprenoides.  
 Las pirazinas 
Las pirazinas son compuestos que se producen por el metabolismo de los aminoácidos, 
se encuentran mayoritariamente en el hollejo de las uvas y se asocian con aromas 
vegetales con notas de pimiento verde. En las variedades de uva Sauvignon Blanc, 
Cabernet Sauvignon, Cabernet Franc y Merlot la concentración de las pirazinas suele 
superar el umbral de detección y de reconocimiento; por lo tanto la tipicidad de los vinos 
elaborados a partir de estas uvas se relaciona con esas notas vegetales. Sin embargo, a 
medida que las uvas van madurando, estos compuestos van disminuyendo notablemente 
(Bindon, Varela, Kennedy, Holt, & Herderich, 2013). 
 Los compuestos terpénicos 
Dentro de la familia de los terpenos, los compuestos odoríficos se pueden clasificar en 
monoterpenos y sesquiterpenos (de 10 y 15 átomos de carbono, respectivamente). Los 
monoterpenos aparecen en forma de hidrocarburos simples (limoneno, mirceno), de 
aldehídos (linalal, geranial), de alcoholes (linalol, geraniol, citronelol, nerol, -terpineol), 
de ácidos (ácido linálico, ácido geránico), e incluso en forma de ésteres (acetato de 
linalilo). Varios sesquiterpenos, como γ-elemeno, α-ylangeno, β-bourboneno y (E)-β-
cariofileno, han sido identificados como componentes naturales de las bayas de uva 
(Coelho, Rocha, Delgadillo, & Coimbra, 2006; Schreier, Drawert, & Junker, 1976). Los 
sesquiterpenos son predominantemente biosintetizados y localizados en el epicarpio de 
bayas de uva y se acumulan en la capa exterior de cera (May & Wüst, 2012).  
Los compuestos terpénicos se encuentran intactos o relativamente poco 
transformados en el vino pudiendo ser usados analíticamente para la caracterización 
varietal ya que no se ven afectados significativamente por la etapa de fermentación (Mateo 
& Jiménez, 2000). La biosíntesis de este grupo de compuestos parece estar comprendida 
por varias etapas que llevan desde la glucosa al ácido mevalónico a través del acetil CoA y 
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después, de este ácido al isopentenil pirofosfato, unidad base isoprénica de 5 átomos de 
carbono a partir de la cual van a construirse todos los terpenoides por condensación. 
Los compuestos terpénicos libres parecen concentrarse en la parte sólida de la uva 
(pulpa y hollejo) en más del 50%. Por ello, teniendo en cuenta los pesos relativos de 
hollejo y pulpa, todas aquellas operaciones que impliquen un aumento del contacto entre 
las partes sólidas y el mosto, deben tenerse en cuenta por su implicación en las 
características aromáticas finales del vino. Los niveles de terpenos libres aumentan con el 
desarrollo de la baya hasta la maduración, y más allá del estado maduro se atenúa ese 
aumento o incluso disminuyen. Además, el contenido en terpenoles parece también estar 
influenciado por el estado sanitario de la uva puesto que algunos terpenos (linalol, nerol, 
geraniol y, en menor medida, -terpineol) disminuyen de forma importante en el mosto 
procedente de uvas con pudrición directamente proporcional a la incidencia del ataque 
(Flanzy, 2003).  
 Los C13-norisoprenoides 
Desde la etapa de formación del fruto hasta el envero se sintetizan en la uva 
carotenoides (terpenos con 40 átomos de carbono (tetraterpenos)) que se irán 
degradando durante la maduración para dar lugar a derivados de 9, 10, 11 ó 13 átomos de 
carbono. Entre estos compuestos, los más importantes en cuanto a las propiedades 
odoríferas que presentan son los norisorprenoides de 13 átomos de carbono (C13-
norisoprenoides) (Baumes, 2009).   
Desde el punto de vista químico los derivados norisoprenoides se dividen en dos 
grupos principales: megastigmanos y no megastigmanos.  
El esqueleto megastigmano se caracteriza por un ciclo de 6 átomos de carbono, 
sustituído en los carbonos 1, 5 y 6, y por presentar una cadena alifática de 4 átomos de 
carbono unida al carbono 6; pueden estar oxigenados en el carbono 7 (serie de las 
damasconas) o en el carbono 9 (serie de las iononas). Entre estos compuestos, la β-
damascenona, con un aroma complejo de flores, de fruta exótica y de compota de 
manzana, presenta un límite de percepción relativamente bajo (0,045 g L-1), pero está 
probablemente presente en todas las variedades de uva. Al igual que ésta, la β-ionona (con 
aroma característico a violetas) está presente en todas las variedades y su límite de 
percepción es aún más bajo (0,009 g L-1). 
Entre los C13-norisoprenoides no megastigmanos, el más importante es  el  1,1,6-
trimetil-1,2-dihidronaftaleno (TDN), que presenta un olor distintivo a queroseno, jugando 
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un importante papel en el aroma a “petróleo” de los vinos envejecidos de Riesling.  Este 
compuesto está generalmente ausente en uvas y vinos jóvenes, pero puede aparecer 
durante el envejecimiento en botella. Otros compuestos pertenecientes a la misma familia 
son los actinidoles y el vitispirano, que presentan olores reminiscentes de alcanfor 
(Piñeiro, 2005). 
Precursores del aroma 
Además de los aromas varietales libres que aportan olores directamente por sí solos, 
hay que tener muy en cuenta los precursores del aroma. Como tales no intervienen en el 
olor, pero parecen ser una fuente potencial natural del aroma ya que su parte aglicona es 
olorosa y puede ser liberada. Las formas glicosiladas son frecuentemente más abundantes 
que las libres. 
Se denominan precursores del aroma a aquellos compuestos que mientras se 
encuentran en la uva combinados con moléculas de glúcidos no tienen propiedades 
odorantes, pero que durante los procesos de vinificación y fermentación, sufren 
reacciones en las que liberan los aromas varietales (por hidrólisis ácida o enzimática) 
proporcionando así sus aromas característicos al vino final (Hidalgo-Togores, 2003).  
 Los monoterpenoles, dioles y polioles terpénicos 
Los principales monoterpenoles y polioles terpénicos están presentes en uvas en 
forma de glicósidos y son más abundantes que los monoterpenos libres. Las formas libres 
y conjugadas de los terpenoles se acumulan en uvas maduras desde el envero y tienen su 
máxima expresión cuando la uva está madura permaneciendo constantes hasta después 
de la maduración (Coelho et al., 2006).  
Los compuestos terpénicos conjugados, al igual que los libres, albergan mayor 
concentración en los hollejos que en la pulpa o el mosto (Gunata, Bayonove, Baumes, & 
Cordonnier, 1985), aunque también depende de la variedad de uva. Por esta razón, en la 
vinificación en tinto, puesto que no se eliminan todas las partes sólidas, sino que se 
mantienen los hollejos de las uvas durante la fermentación, y unido a que la uva contiene 
β-glicosidasas capaces de liberar ciertos terpenoles odoríferos de sus glicósidos inodoros, 
se ve favorecida la extracción de los compuestos terpénicos glicosilados. 
Por otro lado, los monoterpenoles son compuestos más o menos sensibles a las 
reacciones de hidratación y de oxidación que ocurren durante el envejecimiento del vino. 
Así, tras tres meses, a partir del linalol se puede obtener nerol, geraniol, -terpineol, etc. 
Los polioles monoterpénicos (dioles y trioles) pueden formar otros monoterpenos, a veces 
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odoríferos, por hidrólisis a pH ácido de mostos y vinos, que pueden producir aromas algo 
extraños como el trans-1,8-terpineol (olor a eucalipto) o el 3,9-epoxi-p-ment-1-eno (olor a 
hinojo) (Williams, Sefton, & Wilson, 1989).  
 Los norisoprenoides combinados 
Los C13-norisoprenoides pueden estar presentes en la uva en forma de precursores no 
volátiles (carotenoides o glicósidos). Los glicósidos de estos compuestos identificados 
hasta ahora, son todos monoglucósidos y, aunque no son hidrolizados por las glicosidasas 
propias de la uva o de las levaduras, sí pueden ser liberados por glicosidasas fúngicas 
exógenas. Los carotenoides se localizan en las partes sólidas de la baya, pulpa y hollejo, 
siendo este último el que presenta mayor contenido. Parece que existe una correlación 
estrecha entre el grado de maduración de la uva y la proporción de derivados  
carotenoides. Se ha comprobado que durante la fase de crecimiento de la baya verde se 
produce un aumento en el contenido de carotenoides, seguido de un fuerte descenso del 
mismo a partir del envero hasta maduración, aumentando al mismo tiempo las moléculas 
derivadas de los mismos, principalmente en formas glicosiladas. Estos cambios 
probablemente requieren la acción de enzimas presentes en la uva, inicialmente en la 
degradación  oxidativa de los carotenoides y posteriormente en los mecanismos de 
glicosilación. Asimismo,  parece  que  la  exposición  de  las  uvas  a  la  luz  solar  durante la 
maduración acelera la degradación de los carotenoides y se acompaña por un incremento   
del contenido glicosilado de derivados C13-norisoprenoides (9, 10, 11 ó 13 átomos de 
carbono), más volátiles y olorosos (Razungles, Baumes, Dufour, Sznaper, & Bayonove, 
1998).  
 Otros precursores (alcoholes, compuestos fenólicos, tioles volátiles) 
Entre los derivados glicosilados presentes en las uvas, y relacionados con el aroma 
varietal, pueden encontrarse, además de terpenos y derivados C13-norisoprenoides, los 
constituídos por agliconas tales como ácidos fenólicos y fenoles volátiles derivados, y 
precursores de los tioles volátiles. Los compuestos fenólicos pueden transformarse en 
compuestos volátiles aromáticos por acción de las levaduras o deteminadas enzimas 
estearasas. Por otro lado, los precursores de los tioles volátiles, derivados de la cisteína, 
parecen ser los responsables del intenso, específico y dominante olor de los vinos de 
Sauvignon Blanc, un olor que suele ser comparado con el olor de arbustos verdes, o 
incluso, de orina de gato. Entre los compuestos aromáticos presentes en mostos, que 
aparecerían como precursores inodoros en forma de S-conjugados de la cisteína, 
encontramos el 3-mercaptohexanol, el 4-metil-4-mercaptopentan-2-ona y el 4-metil-4-
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mercaptopentan-2-ol. Los aromas correspondientes se liberarán durante la fermentación 
alcohólica, probablemente debido a la acción de una β-liasa específica. 
Aromas prefermentativos 
Los constituyentes volátiles de la etapa prefermentativa se desarrollan durante los 
tratamientos sufridos por la uva desde el momento de su cosecha hasta el arranque de la 
fermentación, durante las operaciones de vendimia (transporte, estrujado, despalillado, 
prensado, maceración carbónica, etc.) y especialmente en el caso de que sea mecanizada. 
Los efectos mecánicos de estos tratamientos van a entrañar fenómenos de ruptura a nivel 
celular y van a permitir a los sistemas enzimáticos entrar en contacto con los sustratos 
presentes en la baya. Por otro lado, la mayor parte de estos tratamientos tienen como 
consecuencia una incorporación más o menos importante de oxígeno en el medio, 
abasteciendo así el segundo sustrato implicado en las reacciones de oxidación enzimática. 
Entre las reacciones enzimáticas que se desarrollan, además de las implicadas en el 
pardeamiento, se producen reacciones que darán lugar a compuestos aromáticos, tales 
como los alcoholes y aldehídos de 6 átomos de carbono, responsables de aromas verdes, 
herbáceos e incluso amargos a  partir  de  ácidos  grasos  poliinsaturados. La lipoxigenasa 
(LOX), principal enzima implicada en estas reacciones, es la que origina apartir de sus 
precursores (ácidos grasos poliinsaturados linoleico (C18:2) y linolénico (C18:3)), 
compuestos aldehídicos como el hexenal, el cis y el trans-2-hexenal, el cis y el trans-3-
hexenal y los alcoholes correspondientes: hexanol, 2-hexenol y 3-hexenol. La formación de 
estos últimos compuestos parece variar en función de la naturaleza de la cepa y del estado 
de madurez de las uvas en el momento de la vendimia, de forma que la máxima 
producción de estos compuestos aparece antes de la maduración. 
Aromas secundarios o fermentativos 
Los aromas fermentativos son metabolitos formados por la acción de los 
microorganismos responsables de las fermentaciones alcohólica y maloláctica. El proceso 
de fermentación es la etapa esencial de la transformación de la uva o del mosto en vino. 
Esta etapa implica dos transformaciones biológicas, las fermentaciones alcohólica y 
maloláctica. Para el aroma, la fermentación alcohólica es muy importante ya que es 
responsable de la nota vinosa que constituye la base aromática común a todos los vinos, 
alrededor de la cual van a intervenir diversos armónicos que darán lugar a sutilidad del 
aroma de un buen vino. Además, los constituyentes volátiles formados durante la 
fermentación alcohólica representan cuantitativamente la mayor parte de los 
constituyentes del aroma; son pues, en su mayoría, los más fáciles de analizar. Por el 
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contrario, la fermentación maloláctica modifica el aroma del vino solamente de manera 
muy sutil. 
 Los alcoholes mayoritarios 
Los alcoholes mayoritarios surgen como metabolitos primarios del metabolismo de 
azúcares y aminoácidos por parte de las levaduras. Los alcoholes mayoritarios se dividen 
en dos categorías:  
 Alifáticos, que incluyen el propanol, el butanol, el alcohol isoamílico (3-metil-1-
butanol) y el isobutanol (2-metil-1-propanol). 
 Aromáticos, con el 2-feniletanol y el alcohol bencílico.  
La concentración media de alcoholes superiores en el vino se encuentra entre 400 y 
500 mg L-1; concentraciones inferiores a 300 mg L-1 contribuyen positivamente a la 
complejidad aromática del vino, pero cuando su concentración excede los 500 mg L-1, estos 
alcoholes se consideran como un factor de calidad negativa, con la excepción del olor a 
rosas del 2-feniletanol (Etiévant, 1991; Rapp & Mandery, 1986). 
Su formación está ligada al metabolismo de los aminoácidos y, de esta manera, 
fuertemente influenciada por la fuente nitrogenada del mosto. De acuerdo con su origen, 
se pueden considerar dos grupos de alcoholes: (i) aquellos que son sintetizados a partir de 
un cetoácido por la desaminación oxidativa de un aminoácido o que está involucrado como 
un intermediarios en su biosíntesis, y  (ii) aquellos que no se producen directamente a 
partir de un aminoácido, sino a partir de un cetoácido que está involucrado como 
intermediario en el metabolismo glucídico de la célula (Ayräpää, 1971). Otros factores que 
intervienen sobre la fermentación alcohólica, y que influyen sobre la producción de 
alcoholes mayoritarios, son la especie de levadura y los factores que favorecen el 
crecimiento celular de la misma: turbidez del mosto, temperatura, pH, elementos de 
crecimiento, etc. Este contenido en alcoholes mayoritarios de un vino joven no se ve 
modificado por la fermentación maloláctica. 
 Los ácidos y sus ésteres 
 Los ácidos grasos y sus ésteres son, junto con los alcoholes, los principales 
marcadores del aroma fermentativo. De todos los ácidos orgánicos presentes en el vino 
procedentes de las fermentaciones, muy pocos son lo suficientemente volátiles como para 
poder contribuir al aroma, y los que podrían hacerlo, generalmente se encuentran en 
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concentraciones inferiores a sus umbrales olfativos (UOs). El constituyente principal de la 
acidez volátil del vino (más del 95%) es el ácido acético; este compuesto es producido por 
las levaduras al comienzo de la fermentación alcohólica y también puede aumentar 
ligeramente su concentración durante la fermentación maloláctica debido a la 
descomposición del ácido cítrico. Es un compuesto necesario en el aroma del vino, con 
unos contenidos óptimos comprendidos entre 200 y 700 mg L-1; concentraciones elevadas 
indican que ha habido una intervención de las bacterias acéticas y, a estos niveles, ese olor 
se considera un defecto importante del vino (olor a vinagre). Por el contrario, aunque 
otros ácidos grasos (propanoico, butanoico, hexanoico, etc.) tienen matices juzgados como 
negativos (rancio, mantequilla, queso, etc.), se consideran necesarios para el buen 
equilibrio del aroma fermentativo (siempre que la concentración total sea inferior a 20 mg 
L-1). 
 Los ésteres del vino se sintetizan enzimáticamente por las levaduras durante la 
fermentación alcohólica por reacción de una función alcohol sobre una función ácida, con 
eliminación de una molécula de agua. El vino contiene una gran cantidad de alcoholes y de 
ácidos diferentes y por consiguiente, la cantidad de ésteres posibles también es muy 
grande. Pero teniendo en cuenta la importancia cuantitativa del etanol y el hecho de que 
los alcoholes primarios son los más reactivos, los ésteres etílicos son los más abundantes. 
El otro grupo importante son los acetatos (por esterificación del ácido acético con un 
alcohol). La síntesis de los ésteres volátiles depende del balance de actividades de las 
enzimas alcohol-acetiltransferasa y éster-hidrolasa. Las alcohol-acetiltransferasas 
catalizan la síntesis de ésteres volátiles a partir de un alcohol superior libre y acetil CoA, 
mientras que la esterasa hidroliza los ésteres de acetato rindiendo acetato y el alcohol 
constituyente. 
Los acetatos de alcoholes superiores y los ésteres de etilo de los ácidos grasos 
presentan individualmente olores juzgados generalmente como agradables, 
principalmente afrutados, con excepción del acetato de etilo cuyo olor, aunque no 
desagradable, es mal percibido en los vinos cuando los contenidos son superiores a un 
valor límite cercano a 100 mg L-1. 
 Los aldehídos 
 Sólo en la fase inicial de la fermentación alcohólica se pueden encontrar aldehídos 
(presentes ya en la uva o formados durante la fermentación), puesto que éstos son 
reducidos a sus correspondientes alcoholes a lo largo de la fermentación (Perestrelo, 
Fernandes, Albuquerque, Marques, & Câmara, 2006). En vinos jóvenes el aldehído 
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mayoritario es el acetaldehído, que se forma durante la fermentación alcohólica en unas 
concentraciones que no exceden los 200 mg L-1; concentraciones elevadas de este 
compuesto se consideran desfavorables (su umbral olfativo es de 100 mg L-1) puesto que 
proporcionan al vino un olor exagerado a “rancio” y a “mantequilla”.  
 En algunas ocasiones se detecta en el vino un gusto a almendras amargas atribuido 
al benzaldehído (UO: 2 mg L-1), y cuya concentración puede verse aumentada en vinos 
provenientes de vinificación por maceración carbónica. 
 Las cetonas 
Este tipo de compuestos no parecen tener un papel decisivo sobre el aroma del vino. 
Las cetonas predominantes son la 3-hidroxi-3-butanona (acetoína), la 2,3-butadiona 
(diacetilo) y la 2,3-pentadiona, que se producen durante la fermentación alcohólica por 
acción de las levaduras, aunque la concentración de las dos primeras puede aumentar 
considerablemente durante la fermentación maloláctica. En el caso de vinos que han 
sufrido la fermentación maloláctica, las concentraciones de estos compuestos carbonílicos 
pueden superar el umbral olfativo y aportar aromas lácteos y de mantequilla. 
 Las lactonas 
 Las lactonas son compuestos relacionados con los hidroxiácidos, ya que se 
obtienen de la esterificación intramolecular de estos compuestos: los 4-hidroxiácidos 
conducen a las -lactonas y los 5-hidroxiácidos a las δ-lactonas; ambas lactonas son 
heterociclos oxigenados. 
 La lactona de origen fermentativo más conocida es la -butirolactona, presente en 
los vinos en una concentración del orden de 1 mg L-1; a pesar de encontrarse en 
concentraciones importantes, generalmente no influye en el aroma del vino (descriptor 
aromático de goma o caramelo). 
 La 4,5-dimetil-3-hidroxi-2-furanona, conocida como sotolón, se encuentra en 
concentraciones superiores a su umbral olfativo en algunos vinos dulces y otros vinos 
elaborados con vendimias afectadas por la podredumbre noble. Su olor se describe como 
dulce, especiado, curry y nuez, contribuyendo de manera importante al aroma de estos 
vinos. 
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 Los compuestos azufrados 
Los compuestos azufrados en los vinos constituyen un amplio grupo de compuestos 
químicos (tioles, sulfuros, polisulfuros, tioésteres y compuestos heterocíclicos) que a 
menudo presentan aromas cualificados como desagradables. La formación de los 
compuestos azufrados puede deberse a tres causas principales: reacciones de reducción 
catalizadas por la luz, la degradación de plaguicidas que contienen azufre y/o el 
metabolismo de algunos aminoácidos azufrados (como la cisteína, cistina, glutation) por 
parte de las levaduras. 
Algunos autores dividen estos compuestos en dos grupos de acuerdo con su 
volatilidad:  
 Compuestos azufrados volátiles, con un punto de ebullición inferior a 90 °C. Evocan 
olores particularmente desagradables susceptibles de desvalorizar el aroma de los 
vinos, incluso a baja concentración. Entre ellos, el sulfuro de hidrógeno (huevo 
podrido), disulfuro de carbono (caucho, goma), sulfuro de dimetilo (espárragos), etc. 
 Compuestos menos volátiles, con un punto de ebullición superior a 90 °C. Su 
participación en el aroma es más compleja. El más importante es el metionol; cuando 
este compuesto se halla en concentraciones superiores a su umbral (1-2 mg L-1) 
aparece un aroma descrito como olor a verdura cocida o repollo cocido. 
 
 Los fenoles volátiles 
 Los principales fenoles volátiles producidos por la levadura Sacharomyces 
cerevisiae son el 4-vinilfenol (olor a témpera, clavel) y el 4-vinilguaiacol (clavo), que 
contribuyen positivamente al aroma del vino, aunque no alcanzan su umbral olfativo. 
Ambos provienen de la descarboxilación enzimática de los ácidos p-cumárico y ferúlico, 
respectivamente, durante el proceso de fermentación alcohólica. Son más característicos y 
abundantes en vinos blancos que en vinos tintos debido a la presencia en las uvas 
correspondientes de fracciones fenólicas inhibidoras de la enzima responsable de su 
formación. Además, la mayor parte de las bacterias lácticas enológicas tienen la capacidad 
de producir 4-vinilfenol. 
 La presencia de etilfenoles, sobre todo en vinos tintos, se considera un defecto ya 
que confiere olores a caballeriza o a sudor de caballo. Su formación en cantidades 
importantes es atribuida a la contaminación por levaduras Brettanomyces. 
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Aromas terciarios o post-fermentativos 
 Incluyen todos los compuestos volátiles que se forman durante el envejecimiento 
del vino, dando lugar al “bouquet”. Durante la conservación del vino, su composición en  
constituyentes volátiles sufre transformaciones profundas debidas a las reacciones físico-
químicas y biológicas que ocurren a partir de aromas de etapas anteriores. Se pueden 
distinguir dos modos de maduración totalmente opuestos que conducen a vinos con 
cualidades organolépticas características. 
 Envejecimiento de reducción. Los vinos son guardados en barrica o en botella al abrigo 
del aire; la penetración de oxígeno a través del corcho o a través de las duelas de los 
toneles es despreciable. 
 Envejecimiento de oxidación. Se provoca una oxidación prolongada del vino 
guardándolo en recipientes semivacíos. 
Durante este periodo, el aroma afrutado de los vinos jóvenes desaparece 
progresivamente y evoluciona hacia un aroma más complejo. Estas reacciones son lentas y 
limitadas, manifestándose sensiblemente en los vinos después de varios años. El cambio 
en dicha composición aromática se debe no sólo a la cesión de aromas por parte de la 
madera y a la generación de especies volátiles consecuencia de la microoxigenación, sino a 
otra serie de fenómenos que de forma concurrente actúan sobre el vino. Entre los 
compuestos aromáticos implicados en el envejecimiento destacan los dos grupos 
siguientes. 
 Compuestos cedidos por la madera. Se agrupan en varias familias de moléculas: 
furanos (furfural, 5-metil-furfural, 5-hidroximetilfurfural) responsables de los aromas 
característicos de almendras tostadas; heterociclos oxigenados (maltol) que otorgan 
aromas de caramelo; aldehídos fenólicos, como la vainillina (olor a vainilla); fenil 
cetonas (vainilla); fenoles volátiles como el guaiacol, el 4-metil-guaiacol, el 4-etil-
guaiacol (olor a tostado y madera quemada), el 4-vinilfenol (clavel) y el 4-vinilguaiacol 
(clavo); y whisky-lactonas (coco). 
 Compuestos que se transforman. Durante el envejecimiento disminuye la 
concentración de alcoholes monoterpénicos (linalol, geraniol y citronelol), mientras 
que aumenta la concentración de los óxidos isoméricos del linalol, del óxido de nerol, 
hidroxilinalol, etc., con umbrales olfativos más elevados que los alcoholes de partida, 
por lo que se produce una pérdida de la carga aromática varietal. En el grupo de los 
norisoprenoides se constata, durante el envejecimiento, el aumento de la 
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concentración de vitispiranos (eucalipto, alcanfor) liberados a partir de sus 
precursores, mientras que la concentración de la β-damascenona disminuye. El 
contenido en algunos ésteres aumenta debido a la esterificación de los ácidos 
succínico, tartárico y láctico con el etanol, dando lugar a compuestos como el lactato de 
etilo, el succinato de dietilo o el malato de dietilo; mientras que los acetatos de 
isoamilo, hexilo y de feniletilo disminuyen debido a una hidrólisis gradual tanto en 
barrica como en botella. Por último, el ambiente reductor de la botella puede propiciar 
la aparición de olores en el vino causados por compuestos azufrados; sin embargo, la 
mayoría de las veces, estos olores se eliminan cuando se abre la botella y se deja airear 
(práctica muy habitual en vinos envejecidos). 
Clasificación de los aromas en función de su contribución en aroma final del vino 
A pesar de que la clasificación de los aromas según su origen, citada anteriormente, 
está muy establecida, resulta interesante clasificar los aromas en relación a su 
contribución al aroma del vino o por su capacidad de modificar el perfil aromático de un 
vino (Ferreira, Ortín, Escudero, López, & Cacho, 2002). De cualquier forma una 
clasificación no excluye a la otra, sino que la complementa. 
Para entender esta segunda clasificación, es necesario saber que únicamente se 
consideran sustancias aromáticas u odorantes aquellas cuya concentración en el alimento 
es superior a su umbral olfativo (UO) o umbral de reconocimiento, que se define como la 
concentración mínima de un compuesto necesaria para que pueda ser reconocida por su 
olor. Los límites de percepción de los compuestos aromátics varían, asimismo, 
considerablemente. Un parámetro relacionado con el anterior es el valor de la actividad 
aromática o valor del aroma (Odour Activity Value, OAV), que se define como el cociente 
entre la concentración del compuesto en el alimento y su umbral olfativo (UO). 
     
                                      
                                           
 
En consecuencia, el impacto olfativo de los compuestos volátiles en el vino 
dependerá de la concentración y del tipo de compuesto en concreto. Así, ciertos 
compuestos,  presentes  en cantidades  traza,  pueden  jugar  un  papel  fundamental  en  el 
aroma, mientras  que otros, mucho más abundantes, pueden tener únicamente una ligera 
contribución al mismo. Además, el impacto de cada componente en las características 
organolépticas del vino dependerá de sus propiedades específicas.  
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El OAV proporciona una estimación de la importancia de un compuesto individual 
en el aroma global de una matriz determinada, de forma que solamente aquellos 
compuestos con un OAV superior a 1 se pueden considerar odorantes activos. El UO de un 
odorante depende mucho de la matriz en donde se encuentre, puesto que ésta puede 
afectar sobre el modo en que la molécula olorosa llega a la nariz. Por ejemplo, en matrices 
acuosas, cuanto más apolar sea una molécula volátil, menos solubilidad y más presión de 
vapor tendrá y, en consecuencia, se podrá inhalar más fácilmente. Otro problema que se 
puede presentar en la detección de un determinado olor es la interacción del compuesto 
oloroso con otros compuestos presentes en la matriz. Si éstos potencian la capacidad de 
detectar el olor producen “sinergia”, mientras que si interfieren en la detección, se habla 
de “antagonismo”. En el vino, por ejemplo, se han observado efectos sinérgicos entre el 
acetato de propilo y el propionato de etilo. Los olores que se perciben de estos dos 
compuestos son más intensos cuando están juntos en la misma disolución que cuando sólo 
hay uno de los dos. Por otro lado, un ejemplo de antagonismo es el del acetato de etilo que, 
a partir de un cierto nivel de concentración, produce efectos de supresión de los olores del 
acetato de propilo y del acetato de butilo.   
Los valores de aroma (OAVs) son aproximaciones en la cuantificación de las 
intensidades aromáticas, ya que en su cálculo no se consideran los efectos sinérgicos o 
antagónicos citados anteriormente. Por otro lado, en el cálculo del OAV se asume que hay 
una relación lineal entre la concentración de cada compuesto y la intensidad de 
percepción. Esta suposición se contradice con una de las leyes fundamentales de la 
Psicofísica (ciencia que estudia las relaciones entre estímulos y respuestas), que establece 
que la variación de la intensidad con la concentración de un compuesto es exponencial. 
Pese a esto el OAV nos indica, de manera rápida y sencilla, la importancia sensorial de un 
compuesto aromático.  
 
Aromas irrelevantes 
Son la mayoría de los 900 compuestos volátiles presentes en gran parte de los 
vinos. Aunque algunos de ellos están en concentraciones altas, si se eliminaran del vino no 
se notaría su falta. 
 
Aromas base o constitutivos 
Esta categoría está formada por aquellos compuestos que están presentes en todos 
los vinos a unos niveles de concentración apreciables y que constituyen el grueso de la 
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percepción aromático-gustativa. Estos compuestos, que mayoritariamente se producen 
durante la fermentación alcohólica, son alcoholes (isobutírico, isoamílico y feniletílico) y 
sus acetatos; ácidos grasos (acético, butírico, hexanoico, octanoico, isobutírico e 3-metil-
butírico) y sus ésteres etílicos; metionol, acetaldehído, diacetilo y β-damascenona. Los 
aromas de los vinos blancos y rosados contienen muchos más esteres de ácidos grasos y 
acetatos que los tintos, de ahí su diferente aroma. Si alguno de estos componentes 
aumenta su contenido fuera de la normalidad, o disminuye por debajo de su valor umbral, 
lo que se percibe es un defecto en el vino. 
Aromas sutiles 
Son aquellos que, aún no siendo predominantes en el aroma, le proporcionan las 
notas o tonos diferenciales. También se encuentran en casi todos los vinos, y su 
composición abarca un amplio espectro de olores de origen variado. Provienen tanto de 
las uvas (ej. terpenos) como de la acción de levaduras y bacterias (ej. los fenoles volátiles), 
y en algunos casos el oxígeno ha jugado un papel importante en su generación Su 
concentración únicamente supera ligeramente su umbral olfativo y si ocurriera lo 
contrario constituirían un defecto. 
 
Aromas impacto 
Esta última categoría está formada por los compuestos que sólo se encuentran en 
algunos vinos determinados y en los cuales su impacto sensorial es tan intenso que hacen 
que aquellos vinos se diferencien del resto. Algunos ejemplos son terpenos como el linalol, 
responsables de las notas afrutadas de los vinos de Moscatel, o las metoxipirazinas en los 
vinos de Cabernet Sauvignon, que les confieren notas de pimiento verde típicas de estos 
vinos. 
 
I.2. Influencia de la aplicación de fungicidas en la calidad de los vinos 
jóvenes 
I.2.1. Enfermedades fúngicas del viñedo. Aplicación de fungicidas para 
su control. 
Entre todas las alteraciones que puede sufrir la vid, cabe resaltar las enfermedades 
producidas por hongos debido a su mayor incidencia y a las importantes pérdidas 
económicas que originan en el sector vitícola, en especial en Galicia ya que cuenta con 
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humedades relativas altas y lluvias primaverales con temperaturas suaves (Arias-Giralda 
et al., 2004; Mansilla et al., 1999).  
Las enfermedades fúngicas que afectan mayoritariamente al viñedo en Galicia son 
mildiu, oídio y botritis. El mildiu, desarrollado por del hongo Plasmopara viticola ataca a 
todos los órganos verdes de la vid. El hongo causante del oídio, Erysiphe necator 
(anteriormente denominado Uncinula necator), aunque es originario de América del Norte, 
está ampliamente extendido en España y al igual que el hongo que origina el mildiu, 
también ataca a todos los órganos verdes de la vid, prefiriendo los brotes, sarmientos y 
racimos, presentándose incluso con mayor constancia. El caso de la botritis es diferente ya 
que dependiendo de las condiciones climáticas, el hongo Botrytis cinerea puede modificar 
la composición de las uvas afectando negativa o positivamente. La podredumbre gris 
puede afectar a todos los órganos verdes de la cepa, pero principalmente a los racimos 
causando importantes daños en la cosecha, sin embargo en la infección conocida como 
podredumbre noble, el hongo elimina el agua de las uvas concentrando así los azúcares y 
otros sólidos solubles y provoca así, una pasificación que modificará positivamente la 
calidad de los vinos obtenidos. 
Actualmente el riesgo de que las enfermendades producidas por la acción de los 
hongos ocasionen daños en el viñedo es menor debido al mejor conocimiento de su 
biología, a la existencia de productos sistémicos y penetrantes y a la mejor preparación de 
los viticultores.  
Para la defensa de los viñedos, los viticultores cuentan con diversos métodos para 
contrarrestar o disminuir los daños que los hongos citados anteriormente pueden 
originar. Entre ellas, podemos encontrar diferentes técnicas de cultivo (podar en verde 
para aumentar la aireación, destruir la madera de poda afectada, evitar una vegetación 
demasiado espesa que almacene humedad), medios físicos y mecánicos, el control 
biológico, la mejora genética de las vides o el control integrado. Sin embargo, la lucha 
química mediante la aplicación de plaguicidas es el método actual más utilizado y 
conocido contra plagas y enfermedades debido a razones como su especificidad sobre el 
patógeno a combatir, su fácil adquisición, su fácil aplicación y sus resultados fácilmente 
observables (Coscollá & Coscollá, 2006). 
Fungicidas empleados en el viñedo 
Los fungicidas son aquellos plaguicidas destinados a controlar hongos patógenos 
causantes de enfermedades como mildiu, oídio y botritis en viñedo. Atendiendo a su 
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comportamiento en la planta una vez aplicados, los fungicidas pueden clasificarse en los 
siguientes grupos: 
a) Superficiales o de contacto. Son los productos que aplicados sobre la planta 
permanecen en su superficie sin penetrar en los tejidos, por lo que únicamente 
ejercen su acción sobre el área que esté cubierta por el producto sin proteger los 
órganos formados después del tratamiento. Es decir, se consideran fungicidas 
preventivos o protectores ya que previenen la infección inhibiendo al patógeno 
antes de que éste haya penetrado en la planta huésped y se haya establecido en sus 
tejidos. Al no penetrar en los tejidos son lavados por lluvias superiores a 10 mm, 
con lo que su persistencia no es larga (inferior a 7 días), por ello hasta el presente 
no han mostrado riesgo de resistencias. 
b) Penetrantes o de sistemia translaminar. Estos fungicidas penetran en los tejidos de 
la planta, pero no se trasladan interiormente por ellos, ejerciendo únicamente su 
acción en el sitio donde fueron aplicados. Por lo tanto, al igual que los fungicidas de 
contacto no protegen los órganos formados después del tratamiento. 
c) Sistémicos. Son aquellos productos que penetran en los tejidos de las plantas y se 
desplazan por ellos a través de la savia, ejerciendo su actividad en sitios lejanos a 
donde fueron aplicados y en los órganos que, por el crecimiento, aparecen después 
de la aplicación (hasta 10-12 días después de la aplicación).  
 
Tanto los fungicidas penetrantes como los sistémicos se consideran curativos ya 
que, por penetrar en los tejidos, detienen o impiden el desarrollo del micelio después de 
que el hongo haya penetrado en la planta. No son lavados por la lluvia si transcurren 1-2 
horas tras el tratamiento, su persistencia es más larga (10 días para los penetrantes y 12 
días para los sistémicos) pero presentan el riesgo de aparición de resistencias. Además, 
ambos también tienen un carácter preventivo en el sentido de que, si se aplican antes de 
que se haya producido la infección, inhiben al hongo para que no penetre en los tejidos.  
Es relativamente frecuente que un fungicida que mostraba una alta eficacia para 
combatir un determinado hongo en el momento de su aparición en el mercado, pierda su 
eficacia de forma parcial o total al cabo de cierto tiempo de ser aplicado repetidamente. Se 
dice que la plaga ha adquirido resistencia frente al fungicida o que la plaga se ha hecho 
resistente, al seleccionar individuos resistentes a dicho plaguicida ya presentes en la 
población natural del agente nocivo que trasmiten sus genes resistentes a su progenie 
(Arias-Giralda et al., 2004). Se dice, además, que existe resistencia cruzada cuando un 
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hongo que se ha hecho resistente a un fungicida debido al uso repetido del mismo, resulta 
también resistente a otros fungicidas; esto se suele dar entre materias activas que tienen 
un modo de acción similar, pertenezcan o no al mismo grupo químico. Por dicho motivo es 
necesario sintetizar nuevas sustancias químicas activas, denominadas también fungicidas 
de nueva generación. 
En los ensayos de campo del presente trabajo se han aplicado un total de quince 
materias activas o fungicidas: benalaxil, boscalida, ciazofamida, cimoxanilo, ciprodinil, 
famoxadona, fludioxonil, folpet, mancozeb, mandipropamida, metiram, metrafenona, 
piraclostrobín, proquinazid y valifenal, que se emplean en la actualidad en el control de 
mildiu, oídio y botritis en los viñedos nacionales o europeos. Nueve materias activas están 
consideradas como fungicidas de nueva generación (boscalida, ciazofamida, famoxadona, 
mandipropamida, metrafenona, piraclostrobín, proquinazid, valifenal y zoxamida). 
Marco legal para el control de fungicidas aplicados en viñedo. Establecimiento de Límites 
Máximos de Residuos. 
Como consecuencia de la aplicación de los tratamientos fitosanitarios en el cultivo del 
viñedo pueden aparecer residuos de plaguicidas en la uva vendimiada. En este caso, los 
tratamientos que influyen decisivamente en el contenido final de residuos son los que se 
realizan más próximos a la vendimia, destacando los tratamientos antifúngicos contra la 
botritis. El contenido de estos residuos en el momento de la recolección de la uva depende 
tanto de la cantidad de plaguicida que queda en el racimo inmediatamente al acabar la 
aplicación (depósito), como de lo que sucede entre ésta y la recolección (Arias-Giralda et 
al., 2004). Entre los factores que afectan al depósito se encuentran:  
 La dosis de plaguicida aplicado 
 La naturaleza química del plaguicida y de su formulación, que determinan una 
mayor o menor adherencia 
 El tipo de aplicación (aérea o terrestre, tamaño de gota, etc.) 
 Las condiciones climáticas en el momento de la aplicación 
 Las características del sustrato vegetal (tamaño de las bayas y compacidad del 
racimo que determinan la superficie receptiva en relación a su peso).  
De todas formas, una vez realizada la aplicación, ese depósito inicial va disminuyendo 
progresivamente con el tiempo en función de varios factores: 
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 Crecimiento del racimo, ya que al aumentar de peso la proporción de residuo en peso 
disminuye. 
 Tipo de formulación aplicada. Así, por ejemplo, los depósitos procedentes de 
espolvoreos suelen ser menos persistentes que los procedentes de pulverizaciones. 
 Lluvia y viento. Actúan mecánicamente arrastrando el plaguicida. Su acción depende 
de su intensidad, duración, tipo de plaguicida y formulación, y momento en que tiene 
lugar tras la aplicación. 
 Volatilización del plaguicida, es decir, su paso al estado de vapor y eliminación en la 
atmósfera. Es función de la presión de vapor y, en general, los plaguicidas presentan 
valores bajos. En la volatilización influyen también dos factores extrínsecos: la 
temperatura y la existencia de ligeras brisas que renuevan el aire próximo a las cepas. 
 La degradación química. Depende de la estabilidad de la molécula del plaguicida, así 
como de los factores externos temperatura y radiación solar, pues la mayor parte de 
los plaguicidas son más o menos termolábiles y/o fotolábiles. 
 
Se define residuo de plaguicida según el Codex Alimentarius como “toda sustancia 
presente en un producto alimenticio destinado al hombre o a los animales como 
consecuencia de la utilización de un plaguicida”. Este concepto de residuo engloba no sólo 
los restos de la molécula del plaguicida en su forma original, sino también todos los 
productos de degradación o metabolitos con significación toxicológica. Por lo tanto, 
además de los mecanismos de regulación de productos fitosanitarios y de las materias 
activas que los componen, es necesario garantizar que los residuos de los mismos en 
alimentos no se encuentren en niveles que supongan un riesgo inaceptable para los seres 
humanos. Para ello, las diferentes Administraciones Públicas de los diferentes países han 
fijado en los últimos años límites máximos de residuos (LMR) para cada uno de los 
plaguicidas en diferentes productos de origen vegetal y animal. Un LMR se define como “la 
concentración máxima de residuos de un plaguicida permitida legalmente en la superficie 
o parte interna de los productos vegetales destinados a la alimentación humana o animal”. 
Debe quedar bien claro que un LMR es un concepto o valor legal, no necesariamente 
toxicológico. Ello es debido a que en su estimación se tienen en cuenta tanto criterios 
toxicológicos como criterios agronómicos. Según un criterio agronómico, quienes soliciten 
la aprobación de un plaguicida deben presentar información científica sobre las 
cantidades mínimas de plaguicida necesarias para proteger una cosecha y el nivel de 
residuos que queda en la cosecha después de dicho tratamiento. Siguiendo un criterio 
toxicológico, se calcula la máxima ingesta de residuos de plaguicidas a través de todos los 
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alimentos, para el consumo a corto y largo plazo y para las diversas dietas de 
consumidores europeos. A continuación, esta ingesta se compara con un parámetro que 
refleja la toxicidad crónica (Ingesta diaria admisible, IDA) y con un parámetro que refleja 
la toxicidad aguda (Dosis de referencia de toxicidad aguda, DRTA).  
Por otra parte, la presencia de residuos de fungicidas en productos transformados, 
en este caso en el vino, no está regulada a nivel comunitario. El artículo 20 del Reglamento 
396/2005 dispone que, cuando no se hayan establecido LMRs para alimentos 
transformados, se aplicarán los LMRs correspondientes a la materia prima o producto 
fresco teniendo en cuenta los cambios en los niveles de residuos de plaguicidas debidos a 
la transformación o mezclas. 
Prácticas Agrícolas 
Todos los productos fitosanitarios presentan en su etiqueta las dosis de aplicación 
recomendadas y los plazos de seguridad de aplicación del producto antes de la fecha de 
vendimia. Si se respetan esas dosis y esos plazos estaríamos hablando de buenas prácticas 
agrícolas (BPA), pero por el contrario, si no se siguen las recomendaciones del fabricante 
se trataría de prácticas agrícolas críticas (PAC), con una altísima probabilidad de 
sobrepasar los LMR en las uvas para vinificación y con el riesgo de que los residuos 
permanezcan incluso en el vino obtenido. 
I.2.2. Presencia de fungicidas en el proceso de vinificación y efecto sobre 
la calidad aromática de los vinos. 
A pesar de que en las uvas destinadas a vinificación puedan quedar residuos de 
fungicidas, sus niveles residuales disminuyen bruscamente durante el proceso de 
vinificación (González-Rodríguez et al., 2011). El descenso de estos niveles va a depender 
de la naturaleza química del fungicida (sobre todo de su solubilidad en agua), así como de 
su concentración inicial en las uvas de partida; de las diferentes etapas en el proceso de 
vinificación, siendo diferente este proceso para uvas de variedades blancas y tintas; y de la 
técnica de vinificación empleada: maceración, adición de taninos, criomaceración, etc. 
(Coscollá & Coscollá, 2006). En general, se ha observado que los vinos blancos presentan 
tasas de contaminación más altas que los vinos tintos ya que en la vinificación de uvas 
blancas no se realiza una etapa de maceración, limitando el contacto de los fungicidas con 
los orujos, a donde se suelen adsorber (Sala et al., 1996). 
Aunque el porcentaje de reducción es muy variable en cada caso, es muy improbable 
que los vinos presenten niveles residuales de fungicidas que supongan un riesgo para la 
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salud de los consumidores. Ello se debe básicamente a los procesos de adsorción de los 
fungicidas a orujos y lías; a las reacciones de hidrólisis ácida de estos compuestos, 
pudiendo originar metabolitos de degradación como sucede con el folpet (Cabras et al., 
1997); y/o a la acción de microorganismos (levaduras y bacterias) y enzimas que 
intervienen durante la vinificación.  
 El aroma del vino está considerado como una de las propiedades organolépticas 
más apreciadas puesto que un aroma agradable, o desagradable, juega un papel decisivo 
en la aceptación o rechazo del mismo por el consumidor.  
El desarrollo de los aromas primarios o varietales de un vino depende 
esencialmente de la variedad y de la composición de la uva de partida, de la composición 
del suelo, de factores climáticos, etc. Entre estos múltiples factores, es posible plantearse si 
los tratamientos del viñedo con productos fitosanitarios pueden alterar la síntesis de los 
compuestos aromáticos varietales durante el crecimiento de la baya. Del mismo modo, 
cabe plantearse si los residuos de plaguicidas presentes durante la vinificación que 
pueden interferir en la actividad de los microorganismos responsables de las 
fermentaciones alcohólica y maloláctica podrían originar un efecto negativo sobre la 
composición aromática debido a alteraciones en la síntesis de aromas fermentativos 
(Calhelha, Andrade, Ferreira, & Estevinho, 2006; Čuš & Raspor, 2008; Ruediger, Pardon, 
Sas, Godden, & Pollnitz, 2005). 
Hasta elmomento de realizar este trabajo, había muy pocos estudios publicados que 
evaluasen la posible influencia de los productos fitosanitarios sobre la composición 
aromática de los vinos (Aubert et al., 1997; García et al., 2004; Oliva, Navarro, Barba, 
Navarro, & Salinas, 1999; Oliva, Zalacain, Payá, Salinas, & Barba, 2008). A pesar de ello, se 
puede concluir que la mayoría de los fungicidas estudiados afectan de algún modo al 
contenido aromático del vino. Sin embargo, no hay que olvidar que el aroma final de un 
vino es el resultado equilibrado de diferentes compuestos aromáticos. En el caso de vinos 
jóvenes, se asocia una mejor calidad organoléptica, en términos de aroma, al descenso de 
los descriptores herbáceos y vinosos y al aumento de los descriptores frutales y florales.  
 Aubert et al. (1997) estudiaron el efecto del fungicida flusilazol, perteneciente a la 
familia de los triazoles e inhibidor de la biosíntesis de esteroles, sobre la composición 
aromática de vinos blancos elaborados con la variedad de uva Moscatel de Alejandría. Los 
residuos de flusilazol determinados en las muestras de mosto fueron inferiores a 0,02 mg 
L-1 y no se detectaron ya residuos de este compuesto en el vino; además, no se observó 
inhibición de la fermentación alcohólica a estos niveles. Ahora bien, el tratamiento de la 
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vid con flusilazol originó un descenso de los compuestos aromáticos varietales 
(terpenoides) y prefermentativos (compuestos C6 como el 1-hexanol y el cis-3-hexen-1-ol); 
así como de otros compuestos aromáticos formados durante la fermentación, como 
alcoholes mayoritarios (alcoholes isoamílicos y 2-feniletanol) y ésteres, lo cual sugiere un 
posible efecto de este fungicida en el metabolismo de la levadura vínica.  
Oliva et al. (1999) evaluaron la influencia de la aplicación de diferentes productos 
fitosanitarios (conteniendo éstos como sustancia activa un insecticida: clorpirifos, o un 
fungicida: fenarimol, mancozeb, metalaxil, penconazol o vinclozolín) sobre la composición 
aromática de los vinos tintos elaborados con uvas Vitis vinifera (variedad Monastrell), 
tratadas bajo prácticas agrícolas críticas (aplicación de los tratamientos fitosanitarios 24 
horas antes de la vendimia). Con respecto al aroma varietal y prefermentativo, los 
alcoholes terpénicos (linalol, geraniol y nerolidol) y alcoholes-C6 (1-hexanol, cis-3-hexen-
1-ol y trans-2-hexen-1-ol) evaluados presentaron concentraciones similares en los vinos 
tratados con respecto al vino sin tratar. Además, estos valores fueron inferiores a su UO, 
resultados previsibles por tratarse de una variedad de uva neutra (Monastrell). En cuanto 
al aroma fermentativo, únicamente se observaron diferencias significativas para algunos 
alcoholes mayoritarios (metanol e isobutanol), ácidos grasos (hexanoico, heptanoico, 
octanoico y decanoico) y ciertos ésteres (acetato de etilo, acetato de dietilo, acetato de 
isoamilo, acetato de hexilo y acetato de feniletilo). Para los dos últimos grupos de 
compuestos volátiles, los valores fueron inferiores al UO, a excepción del acetato de etilo 
(vino control y vino tratado con clorpirifos) y acetato de isoamilo (vinos tratados con 
clorpirifos, fenarimol y vinclozolín). 
Posteriormente, García et al. (2004) realizaron un estudio sobre la influencia de los 
fungicidas ciprodinil, fludioxonil y pirimetanil en la composición aromática de vinos 
blancos (Vitis vinifera, variedad Airén) obtenidos al inocular mosto, previamente 
esterilizado, con las levaduras Saccharomyces cerevisiae cerevisiae, Saccharomyces 
cerevisiae bayanus y Saccharomyces cerevisiae uvarum sobre el que se añade 
posteriormente diferentes concentraciones de cada fungicida. Se determinaron las 
concentraciones de los principales aromas secundarios procedentes del proceso de 
fermentación (ácidos, alcoholes y ésteres). Con respecto a los ácidos grasos determinados 
(2-metilpropanoico, 3-metilbutanoico, octanoico y decanoico), se observaron diferencias 
significativas entre cepas de levadura inoculada y entre fungicidas con el empleo de una 
misma levadura; sin embargo, estas diferencias no producen ningún efecto en la calidad 
sensorial del vino debido a que no superan en ningún caso el UO correspondiente. En la 
fracción alcohólica, destaca el aumento de la concentración del alcohol isoamílico con las 
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cepas bayanus y uvarum, independientemente del fungicida ensayado, lo cual indica un 
descenso de la calidad de los vinos. La adición de ciprodinil también repercute en la 
calidad del vino, ya que provoca un aumento de las concentraciones de cis-3-hexenol y 3-
metiltiopropan-1-ol por encima de su UO. Finalmente, la adición de fungicidas en los 
ensayos con Saccharomyces cerevisiae bayanus provoca un incremento de los niveles de 
acetato de etilo y acetato de isoamilo. Globalmente, el vino de peor calidad aromática se 
obtiene con la cepa Saccharomyces cerevisiae bayanus y con la adición del fungicida 
ciprodinil. 
De forma más reciente, Oliva et al. (2008), evaluaron nuevamente el efecto de seis 
fungicidas (famoxadona, fenhexamida, fluquinconazol, kresoxim-metil, quinoxifén y 
trifloxistrobín) aplicados en diferentes parcelas de la misma uva de la variedad Monastrell, 
tanto bajo PAC como BPA. Las concentraciones de los compuestos aromáticos varietales 
nerolidol y damascenona aumentaron en todos los vinos tratados con respecto al vino 
control, tanto con PAC como BPA; comparando ambas prácticas, solamente se observaron 
diferencias en aquellos vinos tratados con kresoxim-metil y fluquinconazol, mostrando 
mayores concentraciones con BPA, mientras que en el caso del trifloxistrobín las mayores 
concentraciones se obtuvieron con PAC. El aumento de estos compuestos aromáticos en 
los vinos tratados puede ser debido a que los residuos de fungicidas favorecen la actividad 
glicosidásica durante la vinificación, liberando compuestos varietales a partir de sus 
precursores no odorantes. Con respecto al 1-hexanol (aroma prefermentativo), la 
comparación de ambas técnicas de cultivo revela mayores concentraciones de este 
compuesto con BPA, excepto para el kresoxim-metil. En el grupo de los ésteres etílicos, el 
acetato de etilo se determinó en mayores concentraciones con PAC; mientras que para el 
resto de los ésteres evaluados (butanoato de etilo, hexanoato de etilo, octanoato de etilo, 
etc.) disminuyeron en presencia de quinoxifén, famoxadona y trifloxistrobín con PAC. En el 
grupo de acetatos (acetato de isoamilo, acetato de hexilo y acetato de 2-feniletilo), todos 
los fungicidas incrementaron su contenido con PAC, mientras que con BPA solo aumentó 
su contenido con el empleo de famoxadona y trifloxistrobín. Para los alcoholes superiores, 
la mayoría de los fungicidas provocaron un incremento de 2-feniletanol y de alcohol 
isoamílico con ambas técnicas de cultivo. Ocurrió lo contrario con los ácidos (hexanoico y 
octanoico), cuyo contenido disminuyó en presencia de la mayoría de los fungicidas. 
Globalmente, los vinos mejor evaluados sensorialmente fueron los tratados con 
fluquinconazol y fenhexamida bajo BPA. 
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I.3. Influencia del proceso de elaboración en la calidad aromática de los 
vinos dulces. 
I.3.1. Clasificación de vinos dulces  
Durante el proceso de fermentación que transforma el mosto procedente de la uva 
en vino, la levadura consume los azúcares naturales de las uvas y los transforma en 
alcohol y dióxido de carbono. En el caso de que las levaduras consuman todo el azúcar 
fermentable, se obtendrá un vino seco, es decir, sin dulzor aparente o azúcar residual. Sin 
embargo, mediante diferentes procesos de elaboración se puede conseguir que los 
azúcares del mosto o bien se concentren o bien no se lleguen a consumir totalmente y así 
obtener vinos dulces. 
Los vinos dulces se pueden dividir en dos grandes grupos: vinos naturalmente dulces, 
cuyo dulzor procede únicamente de los azúcares propios de las uvas de partida, y vinos 
licorosos que se elaboran mediante la adición de alcohol al mosto para parar la 
fermentación (López de Lerma & Peinado, 2011). 
 
Vinos naturalmente dulces 
Vinos naturalmente dulces son aquellos en los que el alcohol y el azúcar provienen 
exclusivamente de la uva. Estos elevados contenidos en azúcar fermentable son el 
resultado obtenido de la sobremaduración de las uvas usando diferentes procedimientos. 
Deshidratación en viña 
 
Vinos de cosecha tardía o de uva sobremadurada 
Las uvas se dejan secar en la vid, hasta finales de otoño para lograr la plena 
madurez. Son vinos muy dulces con sabores de frutas y con un grado alcohólico total no 
inferior a 15% vol. y un grado alcohólico adquirido no inferior al 12% vol. (Reglamento 
479/2008 del Consejo). Los vinos elaborados según este procedimiento son los vinos de la 
vendimia tardía de Alsacia, Pacherenc du Vic-Bilh y Jurançon de Francia; Picolit (Italia); 
Priorat rancio dulce, Fondillón y Malvasía (España). 
 
Vinos de podredumbre noble o botritizados  
Estos vinos se obtienen a partir de uvas que han sido atacadas por el hongo 
Botrytis cinerea, el cual induce una pasificación parcial de las bayas. Este hongo puede 
causar podredumbre gris, o podredumbre noble (en regiones donde hay periodos muy 
húmedos y secos, alternadamente). Durante la maduración de las uvas, las paredes 
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celulares de la pulpa y del hollejo se vuelven más delgadas y se desestructuran 
progresivamente. La baya pierde su resistencia mecánica y es entonces cuando la Botrytis 
cinerea la atraviesa y crece sin penetrar dentro de las células de la pulpa. Así se crean 
pequeños orificios, a través de los cuales se evapora el agua, concentrando los azúcares, 
ácidos, compuestos aromáticos, fenólicos, etc. (Thibon, Dubourdieu, Darriet, & Tominaga, 
2009). En algunos casos la inoculación se produce cuando las esporas se pulverizan sobre 
las uvas, mientras que en otros dependen de la inoculación natural, a partir de esporas 
presentes en el medio ambiente. Los vinos producidos por este método son Sauternes, 
Barsac, Montbazillac, Coteaux du Layon, Quart de Chaume, Loupiac, Ste. Croix du Mont, 
Bonnezeaux, Vouvray, Selección de Granos Nobles (SGN) de Alsacia (Francia); Tokaj 
(Hungría); Amarone (Italia); Auslee, Beerenauslese y Trockenbeerenauslese (Alemania) y 
Ausbruch (Austria). 
 
Icewines o Vinos de hielo 
 Estos vinos son elaborados a partir de uvas que han sido congeladas, mientras que 
aún están en la vid. Estas uvas son cosechadas durante una fuerte helada (Tª ≤ -8 °C) y 
prensadas antes de que se deshagan estos cristales de hielo. Durante el prensado, la mayor 
parte del agua se retiene junto con los hollejos de las uvas, mientras que se extrae un jugo 
altamente concentrado en azúcares, ácidos, compuestos aromáticos y fenólicos (Nurgel, 
Pickering, & Inglis, 2004). En ocasiones, la fermentación ocurre con dificultad debido al 
estrés hiperosmótico al que se encuentran sometidas las levaduras, pudiendo llegar a 
tardar varios meses para alcanzar el grado alcohólico deseado. Generalmente, la 
fermentación se detiene cuando aún queda una concentración de azúcares residuales 
importantes, pero esta parada fermentativa puede favorecerse mediante deslías, sulfitado 
y frío. 
El vino de hielo (también llamado eiswein o icewine) se produce en Canadá, 
Austria y Alemania, donde se logran las condiciones necesarias para su producción de una 
manera natural. Además, estos vinos también se producen en otras regiones de forma 
limitada, como los Estados Unidos y Nueva Zelanda, pero no existen normas para 
garantizar que se producen sin la ayuda de procesamiento criogénico (Cliff, Yuksel, Girard, 
& King, 2002). 
 
Deshidratación fuera de viña 
La deshidratación post-cosecha es ampliamente utilizada en la vinificación de los 
vinos dulces y es en muchos aspectos similar a la deshidratación en viña. La piel se 
deteriora y las bayas se encogen gradualmente, como consecuencia de la pérdida de agua. 
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Este resultado se puede lograr por la exposición al sol, sombra y/o túnel secado (Barbosa-
Canovas & Vega-Mercado, 2000). Es una práctica complicada y costosa ya que se debe 
realizar una selección manual, estricta y rigurosa. Como resultado de este proceso, las 
uvas pasificadas tienen una alta concentración de azúcar lo que le proporciona al vino 
dulzor, sabor y color (Figueiredo-González, Cancho-Grande, & Simal-Gándara, 2013). 
Generalmente son vinos con un grado alcohólico total de al menos 16% vol. y un grado 
alcohólico adquirido de al menos 9% vol. 
 
Secado al sol 
Es el método más usado de deshidratación de uvas en la región mediterránea. En la 
Denominación de Origen Montilla-Moriles y Jerez-Xérès-Sherry, el vino Pedro Ximénez se 
obtiene a partir de uvas del mismo nombre que se someten al proceso tradicional de 
pasificación al sol (o asoleo).  
Los racimos se extienden en mallas de plástico que se sitúan a la intemperie en lugares 
adecuados por su orientación y pendiente. En función de las condiciones climáticas que se 
produzcan durante el tiempo de asoleo, puede producirse el deterioro las uvas secadas 
con este método, como por ejemplo el ataque de insectos u hongos productores de toxinas, 
tales como la ocratoxina A. El tiempo de secado depende pues, de las condiciones 
climáticas de cada año, puede durar entre 5 y 10 días, con temperaturas diurnas que 
pueden superar los 40 °C y nocturnas por debajo de los 18 °C (Serratosa, Lopez-Toledano, 
Medina, & Merida, 2008). Las uvas se voltean diariamente con el fin de obtener una 
distribución uniforme de todos los componentes de la baya. 
El secado al sol también puede llevarse a cabo cubriendo los racimos con un 
plástico transparente que reduce las posibles contaminaciones y los daños causados por 
condiciones climáticas desfavorables (Pangavhane & Sawhney, 2002). Los vinos 
producidos por este método son Málaga (España), Mantonico di Bianco y Greco di Bianco 
(Italia).  
 
Secado en recintos cubiertos 
El proceso de deshidratación es llevado a cabo en recintos cerrados protegidos del 
sol y de la humedad y bien aireados. Este método permite un mejor control que el proceso 
de secado al sol, pero es necesario seleccionar las uvas en mejor estado sanitario para 
evitar contaminaciones microbianas durante el proceso, como el desarrollo de la Botrytis 
cinerea. Las uvas se pueden colocar en bandejas, en cajas con rejillas, o incluso colgadas y 
deben estar bien esparcidas. El secado dura entre 3 y 4 meses. Este proceso se realiza para 
la producción de vinos como Vin Santo Toscano (Domizio & Lencioni, 2011), Trentino o 
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del Veneto, Recioto (Barbanti, Mora, Ferrarini, Tornielli, & Cipriani, 2008), Passito (Torelli, 
Firrao, Locci, & Gobbi, 2006), di Gambellara o della Valpolicella, Torcolato y Cinque Terre 
Sciacchetrà (Italia), vinos de paja (Vins de Paille de Jura de Francia y Strohwein de 
Austria), y el tostado del Ribeiro (España) (Cortés, Salgado, Rivas, Torrado, & Domínguez, 
2010).  
Secado en cámaras o túneles de deshidratación 
Este tipo de secado es más seguro, controlable (tecnología artificial de 
temperatura, humedad relativa y flujo de aire), y rápido con respecto a los procesos 
descritos anteriormente, además de lograrse una uniformidad de los componentes de la 
baya. Permite la obtención de los azúcares adecuados, desarrollo positivo de flavor 
(Moreno et al., 2008) y protección de compuestos fenólicos de fuertes oxidaciones 
(Frangipane, Torresi, De Santis, & Massantini, 2012), con la principal desventaja que 
presenta un coste económico elevado. 
 
Vinos licorosos 
Los vinos licorosos son los vinos dulces obtenidos a partir de los llamados 
"productos de base" (mosto de uva parcialmente fermentado, vino, una combinación de 
ambos productos, mezcla de vino y mosto, o mosto de uva o su mezcla con el vino) a los 
que se les añade alcohol neutro, de origen vínico o destilado de uvas pasas, y en algunos 
casos, los productos edulcorantes de uvas, como mosto de uva concentrado. Su 
preparación requiere necesariamente la adición de alcohol neutro de uva, al vino durante 
la fermentación, lo que detiene este proceso, y mata a la levadura que consume el azúcar, 
con el fin de lograr un contenido de alcohol y un nivel de azúcar residual de acuerdo a las 
características típicas de cada tipo de vino (Reboredo et al., 2013). La ley establece que el 
grado alcohólico de los vinos no sea inferior al 15% vol. y un grado alcohólico total no sea 
inferior a 17,5% vol. (Reglamento 479/2008 del Consejo), a excepción de determinados 
vinos licorosos con una denominación de origen o una indicación geográfica que tienen 
sus propios reglamentos.  
 
En España, los más renombrados vinos licorosos son los de Jerez, elaborados en el 
marco de Jerez (Andalucía) a partir de las variedades Palomino Fino, o mediante mezclas 
con las variedades Pedro Ximénez y Moscatel. Se clasifican en función del tipo de 
envejecimiento al que se someten. Los vinos “finos” son fortificados hasta alcanzar un 
contenido total de alcohol del 15%. A medida que se envejecen en barrica, desarrollan una 
capa de flor por crecimiento de la levadura que ayuda a proteger al vino contra una 
oxidación excesiva (envejecimiento biológico). Los vinos “olorosos” se fortifican para 
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alcanzar un contenido de alcohol de al menos el 17%, posteriormente se envejecen en 
barricas (envejecimiento oxidativo) obteniéndose un color más oscuro. Por último, los 
vinos "amontillados" se obtienen en una primera etapa por envejecimiento biológico, 
seguido de un envejecimiento oxidativo (Fabios, Lopez-Toledano, Mayen, Merida, & 
Medina, 2000). Los vinos de Málaga, Montilla-Moriles y Priorat también se producen por 
este método.  
En Portugal, destaca el famoso vino dulce de Oporto (uno de los primeros vinos 
bajo Denominación de Origen). En su elaboración, se lleva a cabo una parada fermentativa 
mediante la adición de aguardiente (77 °alc) a las 36-48 horas del comienzo de la 
fermentación. De esta forma, se consiguen vinos con contenidos de etanol del 18-20% 
(v/v), quedando además azúcares sin fermentar (Cunha, Faria, & Fernandes, 2011). Luego, 
dependiendo del tipo de vino a elaborar se envejecen en barricas de madera y se lleva a 
cabo una posterior crianza en botella.  
La elaboración de los vinos licorosos de Madeira, también producidos en Portugal, 
conlleva una parada fermentativa mediante la adición de destilados de origen vínico. El 
momento de la parada, depende de los tipos de vinos a elaborar para obtener una cantidad 
de azúcares entre 25 y 110 g L-1 (Campo, Ferreira, Escudero, Marqués, & Cacho, 2006). 
Posteriormente, se pasan a la etapa de “estufagem” donde se introduce el vino en cubas 
revestidas para aumentar la temperatura en torno a 50 °C. Al cabo de 3-4 meses, se 
trasladan a barricas de madera para su posterior envejecimiento. Otro de los vinos 
fortificados producidos en el mismo país es el vino Moscatel de Setúbal (Feliciano et al., 
2009). 
En Italia, hay diferentes vinos que siguen este proceso de elaboración como el vino 
licoroso basado en la variedad de uva blanca Malvasía, o el famoso vino dulce producido 
exclusivamente en el municipio de Marsala en la provincia de Trápani (Sicilia). Éste 
último, se elabora agregando entre un 3% y 9% de mosto concentrado cocido, vino (13% 
alc.) y alcohol hasta lograr una graduación final entre 17-18 °alc. (La Torre et al., 2008). 
Luego se pasa a una barrica mediante el sistema de soleras, donde los vinos más viejos 
equilibran y dan complejidad a los más jóvenes. 
 
En Grecia, los vinos licorosos más famosos son el Moscatel de Patrás (Karagiannis, 
Economou, & Lanaridis, 2000), el Moscatel de Rodas y el vino Mavrodafne, cuya 
vinificación se inicia en grandes cubas expuestas al sol. 
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I.3.2. Efecto de la concentración de azúcar en la biosíntesis de los 
aromas de los vinos dulces. 
Para la elaboración del vino de Oporto se emplea aguardiente, que es un alcohol de 
alta graduación obtenido a partir de destilados vínicos. 
En términos de aroma, el vino de Oporto es una bebida muy compleja, con diversas 
contribuciones en el aroma tanto el varietal, secundario, y terciario, como una 
contribución del alcohol utilizado para la fortificación. Rogerson and De Freitas (2002) 
encontraron que el aguardiente, que constituye alrededor de una quinta parte del volumen 
total del vino de Oporto, era el principal contribuyente de numerosos compuestos 
volátiles. Estos autores observaron un gran aumento en los niveles de hexanoato de etilo, 
octanoato de etilo, decanoato de etilo (aromas a fruta y aromas tropicales), acetato de 
hidrocinamato (afrutado, balsámico) y eugenol (aroma picante y a clavo), a niveles de 
concentración por encima de los umbrales sensoriales.  
Muscat lefko es una famosa variedad de uva blanca muy estimada en Grecia por su 
potencial para producir vinos dulces y secos de alta calidad. Se observaron muchas 
diferencias en el aroma entre los vinos estudiados. Se encontró que los vinos secos de esa 
variedad contenían mayores cantidades de terpenos y compuestos aromáticos 
fermentativos (ácidos grasos C6, C8, C10, sus ésteres etílicos, y acetatos de alcoholes 
superiores) que los vinos dulces (Karagiannis et al., 2000). 
Los vinos dulces botritizados se producen a partir de uvas maduras afectadas por 
el hongo Botrytis cinerea en condiciones climáticas específicas, alternando períodos 
húmedos y soleados. Debido a la inusual composición de estas uvas, los vinos especiales se 
caracterizan por una excepcional gama de aromas que evocan no sólo los aromas cítricos, 
como la cáscara de naranja o pomelo, sino también los matices dulces, como la miel, 
caramelo y frutas confitadas, junto con la nuez o connotaciones picante de curry. El aroma 
específico de los vinos de Sauternes, un vino dulce botritizado tradicional de Francia, se 
debe a una combinación de varios odorantes claves incluyendo lactonas (γ-nonalactona, γ-
decalactona y δ-decalactona), furanonas (sotolón), metional, fenilacetaldehído, 3-
mercaptohexanol, 4-metil-4-mercaptopentanona y tioles volátiles (Campo, Do, Ferreira, & 
Valentin, 2008; Sarrazin, Dubourdieu, & Darriet, 2007; Thibon et al., 2009; Tominaga, 
Baltenweck-Guyot, Peyrot des Gachons, & Dubourdieu, 2000). 
Los tioles volátiles tienen un alto impacto en el aroma de los vinos botritizados, ya 
que presentan un olor a petróleo muy fuerte que los autores relacionan con un efecto 
sinérgico de 3-metil-3-sulfanylbutanal y 2-metilfuran-3-tiol (Bailly, Jerkovic, Meurée, 
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Timmermans, & Collin, 2009). Se identificaron en los vinos de Sauternes los siguientes 
tioles volátiles: 3-sulfanilpentan-1-ol y 3-sulfanilheptan-1-ol, 2-metil-3-sulfanilbutan-1-ol, 
2-metil-3-sulfanilpentan-1-ol (Sarrazin, Shinkaruk, et al., 2007). Los dos primeros tienen 
aromas cítricos, mientras que los otros dos tienen un olor a cebolla cruda. En el mosto, 
estos compuestos volátiles están casi totalmente ausentes, ya que son liberados 
principalmente a partir de sus correspondientes precursores no volátiles de conjugados 
de S-cisteína por Saccharomyces cerevisiae durante la fermentación alcohólica (Thibon et 
al., 2009) con concentraciones drásticamente mayores cuando las uvas habían 
desarrollado Botrytis cinerea (Sarrazin, Shinkaruk, et al., 2007; Thibon et al., 2009). 
Por otra parte, se estableció que el desarrollo de B. cinerea en uvas también 
condujo a un aumento de las concentraciones de otros compuestos odorantes activos, tales 
como furanonas y fenilacetaldehído, ya presentes en los vinos elaborados a partir de uvas 
sanas (Sarrazin, Dubourdieu, et al., 2007). 
Como se dijo anteriormente, los icewines se producen a partir de uvas congeladas 
en la vid, que se vendimian y prensan estando aún congeladas. Durante este proceso, se 
concentran los azúcares, los aromas y el color. 
Los icewines se caracterizan por altas concentraciones de ácidos volátiles, 
principalmente ácido acético, que a menudo supera los límites legales (1,3 g L-1). Las 
levaduras empleadas para la fermentación del vino producen ácido acético como un 
subproducto de la respuesta al estrés hiperosmótico causada por altas concentraciones de 
azúcar en mosto de uva. Sin embargo, es importante tener en cuenta que el grado de 
formación de ácido acético es muy variable entre las cepas de levadura.  
Como se explicó en el apartado anterior (I.3.1) también se puede lograr el 
incremento en el contenido de azúcar de las uvas mediante la deshidratación de la uva, ya 
sea por el exceso de maduración de las uvas en la vid (cosecha tardía) o secando fuera de 
la vid una vez que las uvas han sido vendimiadas en su punto óptimo de maduración. 
 Franco, Peinado, Medina, and Moreno (2004) evaluaron el efecto del secado al sol 
fuera de la vid en la composición volátil de uvas de la variedad Pedro Ximénez. Los autores 
compararon mosto de uvas sobremaduradas en la viña con mosto obtenido a partir de 
uvas maduras secadas por la exposición directa al sol. En general, la concentración de los 
compuestos volátiles analizados fue mayor en el mosto de uvas deshidratadas al sol a 
excepción del farnesol, de los alcoholes y de los aldehídos-C6 cuyas concentraciones 
disminuyeron durante el proceso de secado. La baja actividad de la lipoxigenasa (LOX) 
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como consecuencia de la baja actividad de agua y la baja difusión de oxígeno de la 
atmósfera en el mosto pueden explicar los contenidos no detectables de alcoholes-C6 y 
aldehídos en los mostos de uvas deshidratadas al sol. Además, mediante la agrupación de 
compuestos volátiles aromáticos en series odorantes, se observó un incremento en las 
series frutal, disolvente, dulce y tostado y una disminución de la serie herbácea como 
consecuencia del proceso de secado. 
 Genovese, Gambuti, Piombino, and Moio (2007) evaluaron mediante análisis 
sensorial descriptivo del perfil aromático de vino dulce obtenido a partir de uva de una 
variedad no aromática denominada Fiano. Para la producción de este vino dulce, se 
recogieron las uvas en un avanzado estado de maduración con un porcentaje de Botrytis 
cinerea (20%) y luego se secaron sobre soportes hasta una concentración de azúcar de 32 
°Brix. Las principales influencias de la sobremaduración de la uva fueron el aumento de 
aromas de frutos secos (albaricoques, ciruelas e higos), miel, mermelada de cítricos y 
aromas de coco. Por otra parte, se detectó un fuerte efecto sobre la composición volátil 
libre y ligada. Los autores observaron niveles de 35 compuestos volátiles más altos en el 
vino dulce que en el vino base, principalmente terpenos, C13 norisoprenoides, lactonas, 
aldehídos y cetonas.  
Se estudiaron veinte muestras comerciales de vinos dulces andaluces (10 de Pedro 
Ximénez y 10 de Moscatel) con el fin de determinar la caracterización de la composición 
aromática de estos vinos (Márquez, Castro, Natera, & García-Barroso, 2008). Los 
principales compuestos volátiles cuantificados fueron acetato de etilo, alcoholes de 
isoamilo, lactato de etilo, ácido acético, 2-furfuraldehído, linalol, succinato de dietilo, α-
terpineol y 2-feniletanol. 
 Ruiz, Zea, Moyano, and Medina (2010) estudiaron los cambios producidos en los 
odorantes activos de mostos de Pedro Ximénez a partir de uvas secadas al sol durante 0, 2, 
4, 6 y 8 días con el fin de observar los cambios ocurridos durante el proceso de secado. La 
serie caramelizada fue la mayor contribuyente al aroma en todos los mostos seguida de la 
frutal, especiada, fresca y floral. Estos autores observaron un aumento de sus OAVs 
durante el secado al sol.  
Alternativamente del secado al sol, la deshidratación de las uvas se puede lograr 
dejando racimos de uvas bajo el techo o en otros ambientes ventilados (Bellincontro, De 
Santis, Botondi, Villa, & Mencarelli, 2004). Como regla general, el uso de aparatos de 
secado con aire caliente evita algunos de los problemas típicos del asoleo tales como el 
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crecimiento de hongos productores de toxinas cuando la humedad es alta, o la 
contaminación por polvo e insectos (Ruiz et al., 2010). 
Estos mismos autores estudiaron los cambios en los compuestos odorantes de 
mostos obtenidos a partir de uvas de la variedad Pedro Ximénez secadas en una cámara 
durante 5 días en condiciones controladas (40 °C y 30% de humedad relativa). 
Encontraron que la acetoína fue el principal odorante, seguido con mucha diferencia por 
acetato de etilo, alcohol de 2-feniletilo, isobutanol y alcoholes de isoamilo. Es importante 
señalar que no se detectaron hexanal y trans-2-hexenol, hecho posiblemente relacionado 
con oscilaciones en la actividad de LOX durante el secado de las uvas en la cámara 
(Costantini, Bellincontro, De Santis, Botondi, & Mencarelli, 2006). 
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La calidad del vino está íntimamente relacionada con su aroma. Como es bien 
sabido, el aroma es uno de los parámetros más importantes a tener en cuenta en la 
aceptación de un vino. Por esta razón, es fundamental que todos los factores que pueden 
afectar a la calidad aromática del vino sean óptimos. 
Como trabajo de esta Tesis Doctoral se decidió estudiar el efecto de dos factores que 
pueden ejercer influencia sobre la calidad final de los vinos, uno de ellos aplicado en las 
uvas antes de su cosecha y el otro postcosecha. De esta manera, los objetivos se dividen en 
dos bloques; por una parte, evaluar el efecto de la aplicación de productos fitosanitarios en 
las uvas y por otra, establecer la influencia del proceso de pasificación sobre el perfil 
aromático y en la calidad sensorial de los vinos obtenidos. 
 
Primer objetivo: 
Evaluación de la influencia de residuos de fungicidas de nueva generación 
aplicados en las uvas en el perfil aromático y en la calidad sensorial de los vinos 
monovarietales Godello. 
La aplicación de productos fitosanitarios sigue siendo en la actualidad el medio de 
lucha más eficaz para combatir la incidencia de las principales enfermedades fúngicas, 
responsables de las pérdidas económicas de este sector y que podrían interferir a la hora 
de ocupar la posición de liderazgo mundial en un futuro cercano. Con el paso del tiempo, 
las sustancias activas fúngicas de estos productos fitosanitarios dejan de ser eficaces 
contra los hongos de las principales enfermedades fúngicas (mildiu, oídio y botritis) 
debido a fenómenos de resistencia. Por dicho motivo, es necesario la autorización de 
nuevas sustancias químicas fúngicas denominadas “sustancias de nueva generación” y la 
aprobación y registro de nuevos productos fitosanitarios que las contengan y que puedan 
aplicarse en este sector. Para poder emplear las uvas en los procesos de vinificación, los 
residuos de estos fungicidas deben ser inferiores a los LMRs establecidos por la 
legislación, para garantizar la calidad sanitaria del producto final. Ahora bien, incluso a 
esos niveles, estos residuos podrían alterar la calidad sensorial de los vinos debido a la 
modificación de su composición aromática. 
Por estas razones, los objetivos concretos del primer bloque consistieron en: 
 Evaluar el efecto que originan los residuos de fungicidas de nueva generación, 
presentes en las uvas de partida, sobre el perfil aromático de vinos monovarietales 
blancos elaborados con la variedad autóctona Godello. Es de primordial interés 
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conocer el impacto que estos residuos pueden originar en la biosíntesis de compuestos 
volátiles responsables del aroma y, por tanto, en la calidad sensorial del vino. Hasta el 
momento, no existen prácticamente resultados científicos disponibles, pero con el 
presente trabajo de investigación se abre una nueva línea de investigación en la 
Universidade de Vigo que pretende situar las actividades de I+D+i del sector 
vitivinícola tanto gallego como estatal en una posición destacada. 
 
 Evaluar el efecto que originan dichos residuos sobre la calidad sensorial (color, 
aroma, sabor) de los vinos monovarietales blancos mediante un panel de cata formado 
por catadores expertos. 
 
Segundo objetivo:  
Estudio de la evolución del perfil aromático de las uvas de la variedad Garnacha 
Tintorera a lo largo del proceso de pasificación y caracterización del perfil 
aromático de los vinos tintos dulces obtenidos. 
 
 Galicia cuenta con una importante tradición en la producción de vinos dulces. En la 
actualidad, solamente se comercializa un vino dulce elaborado a partir de uva blanca de la 
variedad Treixadura previamente pasificada, con sello de calidad de la D.O Ribeiro. No 
obstante, existen otras zonas vitícolas, como las adscritas a la D.O. Valdeorras, que también 
quieren recuperar la elaboración de vinos dulces de calidad para ampliar su oferta en el 
mercado vitícola. 
 A partir del convenio de colaboración científica que existe entre el Consello 
Regulador de la D.O. Valdeorras y nuestro grupo de investigación, además de la 
financiación económica del proyecto de investigación "Optimización del aroma y del color 
en los procesos de obtención de vino tostado a partir de uva tinta Garnacha Tintorera 
(INCITE 09383322PR)" por parte de la Xunta de Galicia, se decidió iniciar un nuevo 
trabajo experimental conjunto para generar el conocimiento necesario en el ámbito de 
aromas, color y estabilidad de los vinos dulces de cara a impulsar la elaboración de estos 
vinos entre los bodegueros de la zona. 
 Por todo ello, el segundo objetivo de la presente Tesis Doctoral se enmarcó dentro 
de este proyecto y se centró principalmente en conocer la evolución del perfil aromático 
del vino naturalmente dulce elaborado a partir de uvas tintas previamente pasificadas de 
la variedad Garnacha Tintorera. Con los resultados obtenidos se pretendió: 
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 Estudiar los cambios producidos en el aroma de las uvas tintas a lo largo proceso 
de pasificación. 
 Caracterizar el perfil aromático del vino naturalmente dulce, estrechamente 
relacionado con las características peculiares de la uva pasificada de partida. 
 Situar, a nivel sensorial, el vino naturalmente dulce dentro del mercado de vinos 
dulces internacionales. 
  Comparar el perfil aromático de las uvas pasificadas con el del vino naturalmente 
dulce obtenido a partir de ellas. 
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III.1. Tratamientos realizados sobre las uvas 
III.1.1. Aplicación de productos fitosanitarios en uvas de la variedad Godello 
Parcela Experimental 
El trabajo llevado a cabo para evaluar el efecto de los fungicidas en el aroma del 
vino se realizó en colaboración con el Grupo de Trabajo de los Problemas Fitosanitarios de 
la Vid (GTVID) y el Consejo Regulador de la Denominación de Origen Valdeorras (CRDO 
Valdeorras) durante la campaña 2009. 
Para ello se dispuso de una finca experimental localizada en Ribadavia (Ourense) 
adscrita a la DO Ribeiro cuya extensión aproximada era de 2000 m2. La parcela se organizó 
en 12 filas de cepas de la variedad de uva blanca Godello, que se distribuyeron 
aleatoriamente en 4 subparcelas (A-D) en función de los tratamientos fitosanitarios 
empleados, tal y como se puede observar en la Figura III.1.  
Figura III.1. Finca experimental y esquema de las subparcelas en las que se dividió dicha finca en función 
de los tratamientos aplicados en cada una de ellas. 
 
Tratamientos fitosanitarios 
Los productos fitosanitarios formulados con materias activas de nueva generación 
para el control de botritis, oídio y mildiu, cuyas características se muestran en la Tabla 
III.1., se aplicaron a lo largo del ciclo vegetativo del viñedo, tal y como se recoge en la 
Tabla III.2.  
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Tabla III.1. Productos fitosanitarios y materias activas aplicados en la parcela experimental. 
PRODUCTOS FITOSANITARIOS 
  Nombre comercial Formulación Fabricante Dosis 
Plazo de 
seguridad 
(días) 
Botritis 
Cantus boscalida (50%) BASF Española S.L. 125 g/hL 28 
Switch 
ciprodinil (37,5%) 
Syngenta Agro S.A. 125 g/hL 7 
fludioxonil (25%) 
Oídio 
Talendo proquinazid (20%) Du Pont Ibérica S.L. 33 mL/hL 28 
Vivando metrafenona (50%) BASF Española S.L. 25 mL/hL 28 
Mildiu 
Cabrio Top 
metiram (55%) 
BASF Española S.L. 333 g/hL 35 
piraclostrobín (5%) 
Fobeci 
benalaxil (6%) 
Sipcam Inagra S.A. 375 g/hL 30 cimoxanilo (3,2%) 
folpet (35%) 
Mandipropamida mandipropamidab - - - 583 g/hL n.d. 
IR-5885a 
valifenalb (6%)  
Isagro USA Inc. 583 g/hL n.d. 
mancozeb (60%) 
Mildicut ciazofamida (2,5%) 
Isk Biosciences 
Europe S.A. 
1042 mL/hL 21 
Equation Pro 
famoxadona (22,5%) 
Du Pont Ibérica S.L. 125 g/hL 28 
cimoxanilo (30%) 
a)Producto pendiente de registro fitosanitario en España.  
b) Sustancia activa pendiente de inclusión en el Anexo I de la Directiva 91/414/CEE.  
n.d.: No disponible. 
 
Tabla III.2. Estrategias para el control de botritis, oídio y mildiu en cada subparcela. 
TRATAMIENTOS FITOSANITARIOS 
  
Producto fitosanitario Subparcela Nº de aplicaciones 
Botritis BPA 
Cantus A-D 1 
Switch A-D 1 
Oídio BPA 
Talendo A, D 5 
Vivando B, C 5 
Mildiu 
BPA 
Cabrio Top A-D 2 
Fobeci A-D 1 
Mandipropamida A 5 
Valifenal B 5 
Mildicut C 5 
Equation Pro D 5 
PAC 
Mandipropamida A 1 
Valifenal B 1 
Mildicut C 1 
Equation Pro D 1 
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- Botritis 
Para el control de la botritis se trataron todas las subparcelas con los mismos 
fungicidas (Cantus el 19 de Junio y Switch el 18 de Julio) bajo buenas prácticas agrícolas 
(BPA), es decir, con las dosis de aplicación recomendadas y respetando los plazos de 
seguridad antes de la fecha de vendimia.  
- Oídio 
Entre los meses de junio y julio se aplicaron cinco tratamientos antioídio 
consecutivos y, al igual que en el caso anterior, también se aplicaron bajo BPA. Para las 
subparcelas A y D se empleó en todas las aplicaciones el producto fitosanitario Talendo, 
mientras que para las subparcelas B y C se aplicó el producto fitosanitario Vivando.  
- Mildiu 
El caso de los tratamientos antimildiu es más complejo. En primer lugar, los 
productos fitosanitarios aplicados en mayo (Cabrio Top y Fobeci) fueron comunes a todas 
las subparcelas; por el contrario, a partir de junio se aplicó un producto diferente en cada 
una de las subparcelas en las que se había dividido la finca experimental. 
Todos los productos antimildiu empleados contenían en su formulación alguna 
materia activa de nueva generación: piraclostrobín, benalaxil, mandipropamida, valifenal, 
ciazofamida y/o famoxadona. 
Subparcela A: Se aplicó la materia activa mandipropamida sin formular. 
Subparcela B: Se aplicó un producto experimental denominado IR-5885. 
Subparcela C: Se aplicó el producto fitosanitario Mildicut. 
Subparcela D: Se aplicó el producto fitosanitario Equation Pro. 
 
Es importante destacar que en el momento de la aplicación, los productos 
antimildiu empleados en las subparcelas A y B estaban pendientes de ser incluídos en el 
Anexo I de la Directiva 91/414/CEE relativa a la comercialización de productos 
fitosanitarios. Actualmente la mandipropamida está autorizada por la UE y en España se 
ha autorizado la aplicación de 3 productos fitosanitarios que la contienen en su 
formulación, dos de los cuales se pueden emplear contra mildiu en la vid (Pergado M y F) y 
cuyo plazo de seguridad es de 28 días (Reglamento de Ejecución (UE) nº 188/2013 de la 
Comisión, de 5 de marzo de 2013, por el que se aprueba la sustancia activa 
mandipropamida, de acuerdo con el Reglamento (CE) nº 1107/2009 del Parlamento 
Europeo y del Consejo, relativo a la comercialización de productos fitosanitarios, y se 
modifican los anexos del Reglamento de Ejecución (UE) nº 540/2011). El producto 
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experimental IR-5885 (6% valifenal + 60% mancozeb) como tal no se ha incluido en el 
Registro Fitosanitario de España; sin embargo, sí están registrados 3 productos que 
contienen la sustancia activa valifenalato y que se pueden aplicar en la vid con un plazo de 
seguridad de 42 días.  
Al contrario que en el caso de los tratamientos antibotríticos y antioídio, el último 
tratamiento antimildiu se realizó bajo prácticas agrícolas críticas (PAC) tres días antes de 
la vendimia, de forma que no se respetó el plazo de seguridad de ninguno de los productos, 
excepto en las 2 últimas filas de cepas que se dejaron como subparcela Control (E). 
En la vendimia se recolectaron por separado las uvas de cada subparcela (A-E) y se 
vinificaron en la bodega experimental del CRDO Valdeorras de forma individual, siguiendo 
el mismo protocolo de manera que se obtuvieron 5 vinos blancos Godello. 
  
III.1.2. Pasificación de las uvas de la variedad Garnacha Tintorera 
Antiguamente, en la comarca de Valdeorras se elaboraban vinos naturalmente 
dulces (conocidos como Tostados) a partir de uvas blancas de la variedad Godello. 
Actualmente, hay gran interés por recuperar dicha tradición consiguiendo así diversificar 
el mercado vitivinícola gallego con un producto de alta calidad. Para ello, se han estudiado 
las características de diferentes variedades de uva de la comarca y se ha encontrado que la 
variedad tinta Garnacha Tintorera es totalmente apta para soportar el proceso de 
pasificación al que se deben someter las uvas para la obtención del vino naturalmente 
dulce. La uva Garnacha Tintorera se caracteriza por poseer un hollejo duro y resistente, el 
racimo es de compacidad media lo que facilita el movimiento del aire entre las bayas 
favoreciéndose de este modo la deshidratación de la uva. Todo ello ha contribuido a elegir 
la Garnacha Tintorera como la variedad de uva para evaluar la influencia de los procesos 
de obtención de los vinos dulces (pasificación y fortificación) en la calidad aromática del 
vino. La elección de esta uva presenta la ventaja adicional de revalorizar una variedad 
ampliamente extendida en la comarca de Valdeorras, cuyo destino para vinos jóvenes se 
focaliza casi exclusivamente en mezclas con uvas de otras variedades autóctonas (ej. 
Mencía) debido, entre otros factores, a su alto potencial colorante. 
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Parcela experimental    
Las uvas de la variedad Garnacha Tintorera de las campañas 2010 y 2011 procedían de 
un viñedo situado en A Rúa (Ourense) adscrito a la D.O. Valdeorras, propiedad de “Adega 
Melillas e Fillos S.L.”. 
 
III.2. Obtención de los vinos objeto de estudio 
III.2.1. Elaboración del vino blanco Godello 
Inicialmente, las uvas blancas se estrujaron y prensaron para obtener el mosto 
yema sobre el que se añadió SO2 (50 mg L-1) con el objeto de evitar posibles reacciones 
químicas de oxidación causantes de incrementos de color y de desnaturalización 
aromática. Los mostos prensados presentan en suspensión trozos de hollejos, sustancias 
pécticas, etc., que son conocidos como fangos. Si se fermenta el mosto en su presencia, el 
vino perderá finura, adquirirá tonos herbáceos, será más sensible a la oxidación y con más 
contenido tánico. Para evitar esto, se debe separar el mosto de los fangos, mediante un 
proceso conocido como desfangado. En este caso se realizó en depósitos metálicos a 10 °C 
durante 12 h, con la ayuda de enzimas pectolíticas Enozym Altair (Agrovin S.A., Ciudad 
Real, España). El mosto desfangado se trasegó a otro recipiente metálico y se procedió con 
la siembra de levaduras comerciales Fermol IPED R (Saccharomyces cerevisiae r.f. 
cerevisiae strain PB 2870). La fermentación alcohólica se llevó a cabo a temperaturas 
inferiores a 18 °C durante 14 días, controlando diariamente la temperatura y la densidad 
para determinar el fin de dicho proceso. El vino obtenido se trasegó en dos ocasiones para 
separarlo de las lías; ajustando en cada caso el contenido de SO2. El vino se clarificó 
finalmente con bentonita (80 g hL-1) y se filtró mediante filtros de celulosa. Previo al 
embotellamiento, se ajustó de nuevo el contenido en  SO2 y el vino se estabilizó con la 
adición de ácido metatartárico y ascórbico. Finalmente el vino se embotelló y se conservó 
a una temperatura de -80 °C hasta su posterior análisis. 
 
III.2.2. Elaboración del vino naturalmente dulce Garnacha Tintorera 
En las campañas 2010 y 2011 se elaboraron vinos naturalmente dulces con uvas de 
la variedad Garnacha Tintorera previamente sometidas a un proceso de pasificación.  
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Etapa de deshidratación 
El proceso de elaboración consistió inicialmente en seleccionar uvas que estaban 
en un estado de maduración óptimo y la posterior distribución de una única capa de 
racimos en cajas de plástico. Durante aproximadamente tres meses en la bodega 
experimental del C.R.D.O. Valdeorras se llevó a cabo el proceso de deshidratación con el fin 
de concentrar los azúcares propios de la uva. Las condiciones de temperatura y humedad 
de la estancia se registraron diariamente controlándose estos parámetros mediante 
ventilación natural. Cada semana se inspeccionaron los racimos de las cajas y se 
eliminaron manualmente las uvas deterioradas para lograr una óptima pasificación. 
Etapa de vinificación 
Al finalizar el proceso de deshidratación, se procedió a la vinificación y, para ello 
en un primer momento, en la etapa de estrujado, se pisaron las uvas de forma tradicional. 
A continuación, para la obtención del mosto a partir de la pasta formada se empleó una 
prensa hidráulica de 25 kg. El mosto se colocó posteriormente en un depósito de 
fermentación de acero inoxidable y 24 h más tarde se inocularon las levaduras S. cerevisiae 
Fermol Súper 16 (AEB Group). La fermentación alcohólica tardó en arrancar una semana y 
duró aproximadamente un mes a temperatura ambiente (19±1 °C). El vino se trasegó al 
finalizar la fermentación, y se llevó a una temperatura baja para facilitar la sedimentación 
de las partículas sólidas. 
El vino naturalmente dulce de la campaña 2010 alcanzó un grado alcohólico de 
8,5%, mientras que en la campaña 2011 cada una de las réplicas alcanzó un 7 y 7,5%, 
respectivamente. 
 
III.2.3. Elaboración del vino licoroso Garnacha Tintorera 
En la campaña 2011 se elaboró un vino licoroso con uvas de la variedad Garnacha 
Tintorera. A diferencia del vino naturalmente dulce, no es necesario deshidratar 
previamente las uvas sino que la fermentación alcohólica sufre un proceso de apagado. 
 100 Kg de uvas se estrujaron, se despalillaron y se bombearon a un depósito de 
fermentación de acero inoxidable. De esta manera se obtuvo un mosto en contacto con sus 
hollejos al cual se le adicionó SO2 (40 mg L-1) y pasadas 24 horas se inoculó con levaduras 
comerciales (Saccharomyces cerevisiae). Durante el transcurso de la fermentación 
alcohólica se realizaron dos bazuqueos diarios para favorecer la maceración, 
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controlándose además la temperatura y la densidad. Cuando se alcanzó una graduación 
alcohólica de 7,5° se detuvo la fermentación por medio de la adición de etanol apto para 
consumo humano al 96% (v/v) con lo que el azúcar de la uva no se llegó a consumir 
completamente. Posteriormente, el vino se filtró a través de filtros de celulosa y se 
transfirió a un depósito metálico. Finalmente, el vino se trasegó una vez más y se le 
adicionó SO2. 
III.2.4. Características de los vinos dulces internacionales evaluados 
Para complementar el análisis sensorial y poder evaluar las diferencias y similitudes 
de los vinos dulces obtenidos a partir de las uvas de la variedad Garnacha Tintorera con 
otros vinos dulces del mercado tanto nacionales como internacionales, se seleccionaron 
ocho vinos dulces: tres naturalmente dulces, tres licorosos y dos obtenidos a partir de uvas 
botritizadas; cuatro de ellos elaborados a partir de uvas tintas y los cuatro restantes a 
partir de uvas blancas. Las principales características de los vinos elegidos se muestran en 
la Tabla III.3. 
 
III.3. Metodología del análisis sensorial 
El concepto de calidad sensorial de los productos alimenticios es un tema 
controvertido. Frecuentemente, la calidad sensorial se asocia directamente a las 
preferencias de los consumidores, aunque desde otro punto de vista, se basaría en la 
medida rigurosa de cómo el producto se ajusta a unas determinadas características 
predefinidas. 
Tabla III.3. Características de los vinos dulces internacionales evaluados sensorialmente. 
Proceso Marca comercial 
Tipo de 
vino 
Variedad de 
uva 
Denominación 
de Origen 
País 
% 
vol. 
Embotellado 
Pasificación 
Castaño Dulce Tinto Monastrell Yecla España 16 2006 
Signal Nill Straw Wine Blanco 
Chenin Blanc y 
Sauvignon 
Blanc 
Stellenbosch, 
Ciudad del cabo 
Sudáfrica 9,5 2001 
Schmitges Erdener Spatlesse Blanco Riesling Mosel Alemania 8 2007 
Fortificación 
Porto Royal Tawny 20 años Tinto Red Port Blend* Oporto Portugal 20 2001 
Niepoort L.B.V. Tinto Red Port Blend* Oporto Portugal 20 2008 
Domaine Pouderoux Maury Tinto Grenache Noir Maury Francia 15,5 2006 
Botritización 
Stiegelmar Beerenauslese Blanco Muskat-Ottonel Burgenland Austria 12 2004 
Chateau Lavignac Blanco 
Sémillon y 
Sauvignon 
Sauternes Francia 14 2005 
* Se denomina "Red Port Blend" a la mezcla de las variedades de uva Touriga Nacional, Touriga Franca, Tinto Cão, Tinta Francisca, 
Tinta Amarela, Sousão, Tinta Roriz y otras, empleadas habitualmente para la elaboración de vinos licorosos de Oporto 
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Después de haber sido considerado durante mucho tiempo como una técnica 
complementaria, el análisis sensorial se ha convertido en un paso absolutamente 
necesario para el buen conocimiento de los vinos.  
La evaluación sensorial del vino se basa en la medida, cuantificación e interpretación 
de las características del vino percibidas por los sentidos (el olfato, el gusto, las 
sensaciones táctiles y la vista). 
- Métodos de análisis sensorial descriptivo aplicados a  vinos. 
A la hora de evaluar sensorialmente los vinos, existen múltiples metodologías de 
análisis. Los más utilizados se especifican en la Tabla III.4. 
Tabla III.4. Resumen de los métodos de análisis sensorial descriptivo comúnmente empleados 
para la evaluación sensorial de los vinos. 
“Perfil de flavor” (Flavor Profile) 
“Análisis Descriptivo de Espectro” (Spectrum Descriptive Analysis) 
“Elaboración de Perfil de Libre Elección” (Free Choice Profiling) 
“Análisis Descriptivo Cuantitativo” (QDA, Quantitative Descriptive Analysis) 
“Análisis Descriptivo Genérico” o “Elaboración de Perfil Convencional” (Conventional Profiling) 
“Frecuencia de Citación” (FC, Frequency of Citation) 
 
Mediante el “Análisis Descriptivo Genérico” se han descrito una gran cantidad de 
vinos de diferentes variedades de uva y procedencias geográficas (Cliff, Yuksel, Girard, & 
King, 2002; Culleré, Escudero, Pérez-Trujillo, Cacho, & Ferreira, 2008; Vilanova & Soto, 
2005; Vilanova, Zamuz, Tardáguila, & Masa, 2008). Este análisis también se ha utilizado 
para conocer el efecto de diversas prácticas vitícolas (Cortell, Sivertsen, Kennedy, & 
Heymann, 2008) y enológicas (Swiegers et al., 2009) sobre las características 
organolépticas de los vinos.  
Recientemente, se ha desarrollado un método novedoso basado en la “Frecuencia 
de Citación”, que tiene la ventaja de que una vez que el panel de cata se ha entrenado, con 
un pequeño entrenamiento específico adicional resulta muy sencillo evaluar diferentes 
tipos de vinos y con un ahorro de tiempo considerable (Campo, Do, Ferreira, & Valentin, 
2008).  
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III.3.1. Análisis Descriptivo Genérico 
El análisis sensorial descriptivo genérico también denominado “elaboración de 
perfil convencional” se empleó como método de análisis sensorial para la valoración de los 
vinos obtenidos de las variedades Godello y Garnacha Tintorera. 
Sala de cata 
El análisis sensorial de los vinos se realizó en una sala diseñada bajo las directrices 
de acuerdo con la norma de la Organización Internacional de Normalización, ISO 8589 
(2007). La sala, situada en el C.R.D.O. Valdeorras, estaba compuesta por 12 cabinas de 
degustación independientes y contaba con las condiciones adecuadas para la correcta 
evaluación sensorial del vino, es decir mesas con fondo blanco para analizar el color 
objetivamente, iluminación independiente muy similar a la luz natural y ausencia de 
ruidos y olores.  
Catadores 
Para el análisis de la influencia de los fungicidas en la calidad sensorial del vino se 
seleccionaron 7 catadores (la mayoría enólogos) de la D.O. Valdeorras que participan de 
forma periódica en catas organizadas por el C.R.D.O. de Valdeorras; mientras que para el 
análisis de los vinos dulces de la variedad Garnacha Tintorera, el número de catadores 
expertos seleccionados fue de 11 (5 mujeres y 6 hombres). 
 
Método de cata 
A cada catador ubicado en una cabina se le proporcionó una copa (copa profesional 
AFNOR) de cada vino conteniendo un volumen de 30 mL a 12±1 °C, tal como se describe 
en la norma ISO 3591 (1977) acompañada de una ficha de cata para su evaluación. En base 
a la bibliografía se seleccionaron los descriptores para evaluar el vino en función de la 
vista, el olfato, el gusto y la calidad global. Se emplearon los descriptores específicos de los 
vinos Godello procedentes de la D.O. Valdeorras obtenidos en un estudio llevado a cabo 
por Vilanova (2006) mediante el empleo de métodos multivariantes establecidos en la 
norma ISO 11035 (1994). Para el análisis de los vinos dulces de la variedad Garnacha 
Tintorera, se hizo una búsqueda en la literatura de atributos representativos de dicha 
variedad así como de vinos dulces ( udic -Leto et al.,       Ferreira, Lo pe , Escudero, & 
Cacho, 1998; Genovese, Gambuti, Piombino, & Moio, 2007; Guarrera, Campisi, & Asmundo, 
2005; Schneider, Baumes, Bayonove, & Razungles, 1998) y posteriormente se clasificaron 
siguiendo la filosofía de la rueda de los aromas de Noble et al. (1987). 
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Evaluación de los vinos 
Sin información previa sobre la naturaleza de los vinos, los catadores evaluaron las 
muestras objeto de estudio a través del aspecto visual, la olfacción ortonasal y la 
percepción retronasal mediante una escala discontinua de 0 (intensidad nula) a 5 (máxima 
intensidad) para cada atributo de la lista. 
Tratamiento de los datos 
La intensidad relativa de cada descriptor, expresada en porcentaje, se calculó como 
la intensidad dada por cada catador sobre la intensidad máxima para ese descriptor. 
 
III.3.2. Frecuencia de Citación 
En el caso de los vinos dulces, se realizó además de un Análisis Descriptivo 
Genérico, un análisis sensorial mediante el método de la “Frecuencia de Citación”. 
Sala de cata 
La sala de cata en la que se realizó la evaluación sensorial de los vinos dulces por el 
método de Frecuencia de Citación fue descrita en el apartado anterior. 
 
Catadores 
En este caso, 12 catadores expertos entenados (4 mujeres y 8 hombres, de edades 
comprendidas entre 29 y 57 años) realizaron la evaluación de los vinos dulces objeto de 
estudio. 
Método de cata 
El método aplicado de frecuencia de citación consiste en seleccionar los atributos de olor 
más apropiados de una lista que contiene un número relativamente alto de términos para 
describir (Campo et al., 2008).  
Entrenamiento 
En cualquier método de análisis sensorial descriptivo es indispensable disponer de 
un panel cualificado para evaluar las muestras con las suficientes garantías. Para ello es 
necesario cumplimentar una serie de etapas previas antes del análisis de las muestras, 
tales como selección de jueces, entrenamiento general, entrenamiento específico y 
cualificación de jueces. Por esta razón, y a pesar de que los jueces tenían gran experiencia 
en la valoración de vinos jóvenes, para poder evaluar correctamente los vinos dulces 
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objeto de estudio, se realizó un entrenamiento previo con ellos que incluía dos fases: una 
de formación general y otra de formación específica.  
Partiendo de la bibliografía (Campo, Ballester, Langlois, Dacremont, & Valentin, 
2010; Piombino, Nicklaus, Le Fur, Moio, & Le Quéré, 2004) se confeccionó una lista inicial 
de 88 términos organizados por series odorantes (frutal, floral, especiado, tostado, 
madera, vegetales, animales, maleza y lácteo). A su vez, la familia frutal se dividió en 9 
subgrupos: frutas blancas, frutas amarillas, cítricos, frutas rojas, frutas negras, frutas secas, 
nueces, frutas exóticas y moscatel. 
- Entrenamiento general 
El entrenamiento general consistió en tres sesiones divididas cada una de ellas en 
dos partes. Al comienzo de cada sesión, los panelistas olían las referencias aromáticas 
desarrolladas para simular las diversas sensaciones que originan los productos a analizar, 
con el objetivo principal de homogeneizar conceptos y entrenar a los miembros del panel 
en la identificación de cada descriptor. Algunas de estas referencias se prepararon a parir 
de sustancias químicas (Firmenich, Ginebra, Suiza), pero los aromas que no estaban 
disponibles comercialmente se prepararon con productos naturales la noche anterior a la 
sesión de entrenamiento para garantizar su intensidad y demás propiedades sensoriales. 
Seguidamente se les pidió que tratasen de relacionar cada sustancia con la referencia. En 
la segunda parte, los catadores evaluaron tres vinos (blancos y tintos de diferentes 
variedades de uva) y describieron sus propiedades eligiendo hasta 5 descriptores de la 
lista inicial. Al final de cada sesión, los catadores discutían las características más 
relevantes de cada uno de los vinos testados. 
- Entrenamiento específico 
El entrenamiento específico se realizó en sesiones 3 en las que los panelistas 
describieron un total de 6 vinos dulces de características similares a las de los vinos objeto 
de estudio, eligiendo, al igual que en el entrenamiento general, como máximo 5 
descriptores.  
A lo largo de las sesiones de entrenamiento, los catadores modificaron la lista 
inicial de términos eliminando aquéllos que consideraron irrelevantes, ambiguos o 
redundantes y añadiendo atributos que consideraron importantes. Se reunieron las 
respuestas aportadas por los catadores para todos los vinos, y aquellos términos citados 
por menos del 15% del panel se eliminaron de la lista, incluyendo finalmente un total de 
70 términos. La lista final contenía un número relativamente elevado de términos 
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organizados de manera jerárquica. Esta particularidad permitió a los jueces describir los 
vinos con las características que mejor los podrían identificar tanto a nivel genérico como 
a nivel más específico. 
Evaluación de los vinos 
Los catadores participaron en cuatro sesiones de 1 hora cada una para evaluar por 
duplicado las 12 muestras de vino objeto de estudio, sin haber sido informados 
previamente de su naturaleza. Se requirió a los panelistas la evaluación de los vinos a 
través de la olfacción ortonasal y la percepción retronasal mediante la asignación a cada 
vino de un máximo de cinco descriptores de la lista de 70 términos. Para cada réplica se 
empleó una botella de vino diferente.  
 
Cualificación de los jueces 
Para evaluar la idoneidad de cada juez para la evaluación sensorial de los vinos se 
calculó el índice de reproducibilidad (Ri) mediante la siguiente fórmula: 
    
 [
          
                 
]
 
 
En la que descom indica el número de descriptores comunes citados por el catador 
entre las dos réplicas de cada vino; desrep1 y desrep2 son el número de descriptores dados 
por el catador en la primera y la segunda réplica, respectivamente; y n el número de vinos. 
De esta forma, los datos proporcionados por los catadores cuyo índice de reproducibilidad 
no alcanzase un valor mínimo, en este caso 0,19, no se consideraron para el análisis de los 
datos de la evaluación de los vinos (Campo et al., 2010). 
Cálculo de las frecuencias de citación 
Las puntuaciones de frecuencia de citación se calcularon a partir del número de veces 
que se selecciona un descriptor dividido entre el número de catadores seleccionados, 
expresado como porcentaje (Campo et al., 2010). Así, los 70 términos se clasificaron de 
acuerdo a su porcentaje de frecuencia de citación para identificar los atributos más 
característicos de cada vino. Los términos citados por menos del 15% del panel en al 
menos un vino/repetición no se consideraron para los análisis estadísticos. 
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III.4. Metodología del análisis instrumental 
III.4.1. Extracción de los compuestos volátiles en los vinos 
Tanto para los vinos blancos var. Godello como para los tintos var. Garnacha 
Tintorera se empleó la extracción en fase sólida (SPE) siguiendo la metodología 
desarrollada por López, Aznar, Cacho, and Ferreira (2002) con ligeras modificaciones para 
aislar los compuestos responsables del aroma del vino. 
Vinos Godello 
El material adsorbente utilizado para llevar a cabo la SPE, fue una resina 
polimérica de poliestireno-divinilbenceno (PS-DVB) comercializada como Strata-X 33 µm, 
y que actúa mediante un mecanismo de fase invertida. Se acondicionó secuencialmente 
con metanol (17 mL) y agua milli-Q acidificada (20 mL a pH 3,5) sin dejar que dicho 
material se secase. Posteriormente cada adsorbente se cargó con la muestra de vino (50 
mL), conteniendo previamente 25 µL del patrón surrogado (4-nonanol, de concentración 
100 mg L-1 en etanol) y 25 µL de una sustancia antioxidante (3-tert-butil-4-hidroxianisol, 
BHA, de concentración 8 mg mL-1 en etanol). El material adsorbente se secó con una 
corriente de nitrógeno durante 45 minutos y, finalmente, los compuestos volátiles se 
eluyeron de dicho material con diclorometano (10 mL). Al eluato orgánico se adicionó una 
pequeña cantidad de sulfato sódico anhidro para eliminar los posibles restos de agua antes 
de concentrarlo hasta un volumen inferior a 1 mL con una corriente de nitrógeno; se 
enriqueció con 25 µL de un interno (2-octanol, de concentración 100 mg L-1 en etanol) y, 
finalmente, el volumen se llevó a un volumen de 1 mL con diclorometano. Los extractos se 
almacenaron en viales ámbar de 2 mL para su posterior análisis mediante cromatografía 
de gases-espectrometría de masas (GC-MS). 
Vinos Garnacha Tintorera 
El protocolo de extracción de los compuestos volátiles de los vinos Garnacha 
Tintorera, fue muy similar al protocolo anterior, con la salvedad del volumen de vino 
analizado. En el caso del vino naturalmente dulce se emplearon 7 mL, mientras que para el 
vino licoroso el volumen fue de 25 mL para disminuir la densidad de las muestras de vino, 
y así facilitar su paso a través de los cartuchos de extracción y se diluyeron previamente 
las muestras.; en ambos casos se diluyó el vino hasta un volumen final de 50 mL con agua 
al mismo pH de cada vino. 
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III.4.1.2. Extracción de los compuestos volátiles en las uvas 
Inicialmente, se efectuó un pretratamiento de las muestras de uvas para la 
extracción de aromas libres y ligados. Se extrajeron las pepitas de las uvas sin descongelar 
manualmente antes de triturarlas en una picadora durante aproximadamente 20 segundos 
obteniéndose una pasta. Esta pasta de uvas se sometió a una doble maceración en una 
disolución tampón de Na2HPO4/NaH2PO4 a pH 7 con un porcentaje de metanol del 6,5%. 
Para la 1ª maceración 50 g del triturado se mezclaron con 50 mL del tampón fosfato 
agitándose a temperatura ambiente durante 6 horas. Posteriormente se centrifugó el 
macerado (20 minutos, 5 °C y 4000 rpm) para separar la fase sólida de la líquida. Para 
garantizar la máxima extracción de los compuestos, la fase sólida se maceró por segunda 
vez bajo las mismas condiciones descritas anteriormente. De esta forma, se obtuvieron 
nuevamente una fase sólida y otra líquida. Ambas fases líquidas (volumen aproximado de 
150 mL) se filtraron a vacío a través de un filtro de fibra de vidrio de 1,2 µm de tamaño de 
poro. A partir de este extracto, se analizaron por separado los compuestos libres y ligados. 
Compuestos libres 
A un tubo de vidrio de centrífuga que contenía el macerado de la muestra de uvas 
(70 mL) se añadió el patrón surrogado 4-nonanol (20 µL de concentración 40 mg L-1 en 
etanol), diclorometano (5 mL) como agente extractante y cloruro sódico (3 g) para 
modificar la fuerza iónica y facilitar la extracción de los compuestos volátiles. Se agitó 
manualmente durante 2 minutos. La mezcla se centrifugó para llevar a cabo la separación 
de ambas fases (20 min, 4000 rpm y  5°C). La fase orgánica sedimentada en el fondo del 
tubo de centrífuga se trasvasó a un vial EPA de 40 mL. Con la fase acuosa se llevaron a 
cabo dos nuevas extracciones añadiendo en cada una 5 mL de diclorometano; las tres fases 
se juntaron en un único vial añadiendo posteriormente sulfato sódico anhidro para 
eliminar posibles restos de agua. Finalmente el extracto se concentró bajo una corriente 
suave de nitrógeno hasta un volumen inferior a 1 mL, al cual se añadieron 25 µL del patrón 
interno (2-octanol; 20 mg L-1), llevándose todo ello a un volumen final de 1 mL con 
diclorometano. El extracto se almacenó en viales ámbar de 2 mL para su posterior análisis 
cromatográfico. 
Compuestos ligados  
1ª etapa. Separación preliminar de los compuestos libres.- Inicialmente se realizó una SPE 
con 75 mL del macerado de las uvas siguiendo el mismo procedimiento para compuestos 
libres en vino. De esta manera, al hacer pasar diclorometano a través del cartucho, los 
III.Materiales y métodos 
57 
 
compuestos libres se eluyen (y se descartan) pero los compuestos ligados permanecen 
todavía retenidos en el cartucho.  
2ª etapa. Aislamiento de los compuestos ligados. 
25 mL de acetato de etilo:metanol (9:1, v/v) se evaporaron a sequedad bajo una 
corriente suave de nitrógeno a 35 °C. Seguidamente se realizó una hidrólisis enzimática 
para romper las moléculas precursoras de los aromas siguiendo el protocolo descrito por 
Schneider, Razungles, Augier, and Baumes (2001). El extracto seco se reconstituyó en 8,2 
mL de una disolución tampón de pH 5 (0,1 M citrato/0,2 M fosfato) y luego se añadieron 
800 µl de un preparado enzimático (120 mg mL-1); la enzima empleada fue la pectinasa AR 
2000 (DMS Food Specialties BV, Delft, Países Bajos). Durante 16 horas se mantuvieron los 
extractos reconstituidos en un baño a 40 °C dejando transcurrir la reacción de hidrólisis. 
Pasado ese tiempo se añadieron 40 µL de un patrón surrogado (4-nonanol; 150 mg L-1 en 
etanol).  
A continuación, para determinar los compuestos liberados en la hidrólisis 
enzimática, se utilizó el mismo protocolo empleado para la extracción delos compuestos 
libres en los vinos mediante SPE (apartado III.4.1.1.). 
III.4.2. Protocolo de separación e identificación 
La separación e identificación de los compuestos volátiles de los extractos 
obtenidos se analizaron mediante un Cromatógrafo de Gases (Trace GC) acoplado a un 
Espectrómetro de Masas (Polaris Q) con un detector de Trampa de Iones (GC-ITMS) de 
Thermo Scientific (Rodano, Italia), con un inyector automático AS 2000. Este equipo 
estaba conectado a un ordenador PC con el software Xcalibur 1.4, también de Thermo 
Scientific.  
III.4.2.2. Condiciones instrumentales de separación 
La separación cromatográfica se realizó en una columna capilar de sílice fundida HP-
Innovax (60 m longitud × 0,25 mm de diámetro interno, 0,25 µm de espesor de la fase 
estacionaria (polietilenglicol)). Se estableció el flujo del gas portador (Helio) en 1 mL min-1 
en el modo de flujo constante. Se inyectó un volumen de muestra de 2 µL en un inyector 
split/splitless en el modo splitless (tiempo de Split: 0,75 min) a 250 °C de temperatura. El 
programa de temperaturas del horno empezó en 45 °C durante 2 min; siguió con una 
rampa de temperatura de 2 °C min-1 hasta alcanzar 225 °C y finalmente se mantuvo a esa 
temperatura durante 15 min. La temperatura de la línea de transferencia fue de 250 °C y la 
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de la trampa de iones 200 °C. La energía de los iones de impacto electrónico (EI) fue de 70 
eV.  
III.4.2.3. Identificación y cuantificación de los compuestos volátiles  
Con el espectrómetro de masas se trabajó de dos modos diferentes: 
Modo de barrido completo (Full Scan) en el que el espectrómetro barre, en este caso 
un rango de masas entre 35-300 uma para obtener los fragmentos iónicos de masas de 
cada compuesto  
Monitoreo Selectivo de iones (Single Ion Monitorization, SIM) en el que se seleccionan 
de cada compuesto una serie de iones a los cuales se les va a realizar un monitoreo 
selectivo dentro de la trampa. Este modo se utilizó para cuantificar los distintos 
compuestos objeto de estudio. La identificación de los compuestos volátiles se llevó a cabo 
mediante la comparación de los tiempos de retención y los espectros de masas (rango de 
35-300 uma) de las muestras con los de los estándares puros analizadas en las mismas 
condiciones. 
 
III.5. Tratamientos estadísticos 
Para el desarrollo de este trabajo se empleó el programa de tratamiento estadístico 
de datos Statgraphics Plus versión 5.1 (Manugistics, Rockville, MD, USA) con el que se 
realizaron diferentes tipos de análisis: ANOVA, PLS, análisis discriminante y análisis 
clúster. 
En primer lugar, tanto para el tratamiento estadístico de los datos procedentes del 
análisis sensorial como del instrumental, se realizó un análisis de la varianza (ANOVA). 
Este análisis permite comparar dos (o más) muestras y comprobar si existen diferencias 
estadísticamente significativas entre ellas. En este modelo, la variación total contenida en 
los datos se debe a dos fuentes diferentes: la variación asignable al factor y la variación 
residual, imputable a causas no controlables o no asignables al factor (Miller & Miller, 
2000). Mediante dicho análisis se puede estudiar la significación de los efectos debidos a 
productos, tratamientos, jueces y otras variables experimentales (Lundahl & McDaniel, 
1988).  
Por otro lado, se suelen utilizar técnicas de análisis multivariante para relacionar datos 
sensoriales descriptivos con otro tipo de datos (Noble & Ebeler, 2002), como los 
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procedentes de análisis instrumentales. En la búsqueda de correlaciones entre los 
conjuntos de datos instrumentales y sensoriales, se realizó una Regresión Parcial por 
Mínimos Cuadrados (PLS Regression). Este análisis permite encontrar combinaciones 
lineales de las variables predictoras asignando un peso extra a aquellas que muestran una 
alta correlación con las variables respuesta ya que serán más efectivas en la predicción. De 
esta forma se eligen combinaciones lineales de las variables predictoras que estén 
altamente correlacionadas con las variables respuesta y que además expliquen las 
variaciones en las variables predictoras. Se distingue entre dos situaciones: cuando la 
respuesta consta de una única variable (PLS1) o cuando la respuesta es multivariante 
(PLS2) (Miller & Miller, 2000). 
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1. Influencia de la aplicación de fungicidas en la 
calidad aromática del vino  
Debido a los tratamientos fitosanitarios que se efectúan habitualmente en el viñedo 
para contrarrestar determinadas enfermedades fúngicas como el mildiu, oídio y botritis, 
cabe la posibilidad de que las uvas destinadas a vinificación contengan residuos de 
fungicidas en el momento de la vendimia. Estos residuos deben encontrarse por debajo de 
los LMRs establecidos en la legislación comunitaria en uva de vinificación antes de la 
elaboración del vino. Sin embargo, tal y como se reflejó en la Introducción (Apartado I.2.2.) 
de esta memoria, estudios recientes demuestran que niveles de fungicidas presentes en 
uva inferiores a los LMRs, pueden afectar al metabolismo de los microorganismos 
responsables de la fermentación alcohólica y/o maloláctica, y como consecuencia retrasar 
el inicio de las fermentaciones, ralentizarlas o incluso producir paradas fermentativas. 
En este primer capítulo se evaluará el efecto que provocan niveles residuales de 
determinados fungicidas de nueva generación, aplicados durante el ciclo vegetativo de la 
vid (variedad Godello), en el perfil aromático del vino monovarietal obtenido. Este estudio 
dio lugar a 3 artículos publicados en revistas internacionales de elevado prestigio (tipo A, 
1º cuartil, SCI) y recogidos en los Anexos I, II y III de esta memoria.  
IV.1.1.  Disipación de los fungicidas en uvas y vinos objeto de estudio 
Tal y como se describió en el Apartado III.2.1. de la Sección Materiales y Métodos, 
se realizaron 5 vinificaciones en las mismas condiciones con las uvas blancas Godello 
recolectadas por separado en cada subparcela experimental (A-E). Los niveles residuales 
de fungicidas presentes en las uvas vendimiadas, así como sus respectivas tasas de 
disipación durante la vinificación se determinaron en un trabajo preliminar llevado a cabo 
en nuestro Grupo de Investigación (González-Rodríguez, Noguerol-Pato, González-
Barreiro, Cancho-Grande, & Simal-Gándara, 2011). Estos valores se recogen en la Tabla 
IV.1 para poder facilitar así la discusión de los resultados en el apartado posterior. Tal y 
como se observa en dicha tabla, los niveles de residuos en las uvas recolectadas en las 
parcelas A-D sobrepasaron los LMRs que marca la legislación comunitaria, excepto para la 
mandipropamida (Subparcela A); cabe destacar que este compuesto se aplicó 
directamente en el viñedo, es decir en ausencia de coadyuvantes tecnológicos cuya función 
principal es la de actuar como “fijadores” de la sustancia activa. Sin embargo, pese a las 
elevadas concentraciones en uva, la tasa de disipación para estos fungicidas durante la 
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vinificación fue elevada, del orden del 97%, a excepción del valifenalato que se redujo 
solamente en un 32%.  
Tabla IV.1. LMRs comunitarios establecidos en uva de vinificación. Concentraciones de los residuos de fungicidas antimildiu 
presentes en las muestras de uva y de vino de cada subparcela, con el correspondiente porcentaje de disipación de los 
residuos de fungicidas durante el proceso de vinificación (Tabla adaptada de (González-Rodríguez et al., 2011)). 
Práctica 
Agrícola 
Subparcela 
Fungicida 
antimildiu 
aplicado 
LMR  Muestras 
Uva 
vinificación 
Uva a Vino filtrado Tasa de disipación 
(%) 
(mg/kg) (mg/kg) (mg/L) 
 A Mandipropamida 2,0 0,97 ± 0,0058 0,031 ± 0,00061 97 
 B Valifenalato 0,2 1,4 ± 0,11 0,95 ± 0,030 32 
PAC C Ciazofamida 0,5 0,72 ± 0,00092 0,0019 ± 0,00057 99 
 
D 
Cimoxanilo 0,2 1,0 ± 0,049 <LD >99 
 Famoxadona 2,0 2,1 ± 0,18 <LD >99 
BPA E Famoxadona 2,0 0,950 ± 0,005 <LD >99 
PAC: Prácticas Agrícolas Críticas. BPA: Buenas Prácticas Agrícolas 
a Los residuos de fungicidas antibotríticos y antioídio fueron del mismo orden en las uvas de todas las subparcelas. 
 
2.Valoración de los datos sensoriales obtenidos con método de cata  
Los vinos objeto de estudio se analizaron sensorialmente tal y como se describió en el 
Apartado III.3.1. de la Sección de Materiales y Métodos. Las puntuaciones otorgadas 
para cada atributo por parte de los catadores se transformaron en porcentajes de 
intensidad relativa (Tabla 5, Anexo 2). Con estos datos se realizó un ANOVA de una vía 
con un nivel de confianza del 95%, además de un test de comparaciones múltiples LSD 
(Least Signiﬁcant Diﬀerence, Mínima Diferencia Significativa) con un nivel de confianza del 
95%, para detectar diferencias estadísticamente significativas entre los distintos vinos 
estudiados. 
En general, para los 5 vinos monovarietales Godello, los catadores resaltaron la presencia 
moderadamente intensa de notas florales, herbáceas y a fruta blanca (manzana). Aunque 
menos intensos, destacaron también otros matices frutales como melocotón y cítrico. Sin 
embargo, a la hora de distinguir entre vinos, los catadores apenas percibieron diferencias. 
Únicamente los vinos A (mandipropamida) y C (ciazofamida) presentaron una intensidad 
de la nota floral significativamente inferior a la del vino control (E).  
El hecho de que los vinos elaborados bajo BPA y PAC sean tan parecidos a nivel sensorial 
puede ser debido a que las fermentaciones no se hayan visto “extremadamente” afectadas 
por los residuos de fungicidas, dado que la tasa de disipación de estos residuos en la 
vinificación es muy elevada. De hecho, si se tiene en cuenta el atributo “calidad” global, las 
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valoraciones de los distintos vinos fueron muy semejantes, sin presentar diferencias 
estadísticamente significativas entre ellos (Tabla 5, Anexo 2). 
3. Caracterización química por GC-MS 
Con el fin de garantizar los resultados obtenidos en la caracterización química del 
perfil aromático de los vinos mediante extracción en fase sólida / cromatografía de gases 
acoplada a la espectrometría de masas (SPE/GC-MS), se validó el protocolo analítico 
detallado en el Apartado III.4. de la Sección de Materiales y Métodos. Las 
recuperaciones de los compuestos volátiles considerados oscilaron, tanto en vino sintético 
como en vino blanco Godello, entre 80-100% con una desviación estándar relativa (RSD) 
inferior a 15% (Tabla 5, Anexo I). 
Las concentraciones de los compuestos volátiles responsables del aroma de los 
vinos blancos monovarietales objeto de estudio se muestran en la Tabla 6 (Anexo I), 
donde se comentan de de forma detallada. Los 32 compuestos identificados pertenecen 
fundamentalmente a 8 familias químicas:  
Dentro de la familia de los terpenos, el geraniol fue el que presentó una mayor 
concentración, oscilando entre 71 y 91 µg/L. Los alcoholes isoamílicos (con valores 
comprendidos entre 64 y 83 mg/L) y el 2-feniletanol (10-23 mg/L) fueron, sin duda, los 
compuestos más abundantes, tanto dentro de su propia familia química (alcoholes 
superiores) como entre todos los compuestos identificados. Los acetatos presentaron 
concentraciones comprendidas en el intervalo 100-700 µg/L. Entre los ésteres de etilo, los 
dos compuestos mayoritarios fueron el hexanoato de etilo y el octanoato de etilo. De los 6 
fenoles volátiles identificados, el 4-vinilguayacol fue el mayoritario en todos los vinos 
Godello (entre 30-70 µg/L). De la familia de los ácidos grasos destacó el ácido octanoico, 
con valores comprendidos entre 3 y 7 mg/L. Por último, para las familias químicas de los 
aldehídos y los compuestos azufrados, solamente se identificó un compuesto en cada una, 
el benzaldehído y el metionol, respectivamente. 
 
4. Estimación de series odorantes y su peso relativo 
No obstante, para evaluar la contribución de cada compuesto volátil en el aroma del 
vino se calculó el valor de la actividad odorante, también conocido como valor de aroma 
(Odour Activity Value, OAV), que se define como la relación entre la concentración de cada 
compuesto en el vino y su respectivo umbral de percepción olfativo. Teóricamente, 
aquellos compuestos volátiles cuyo OAV sea superior a 0,2 o 1, dependiendo el autor, se 
podrán considerar odorantes activos, como ya bien se ha explicado en el Apartado I.1 de 
la Introducción. En la Tabla 6 del Anexo I se detallan los valores de OAV de cada 
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compuesto volátil identificado en estos vinos, así como sus correspondientes umbrales de 
percepción. Es importante resaltar que, de los 34 compuestos volátiles identificados en el 
vino, únicamente 15 fueron odorantes activos (considerando aquellos con valores de OAV 
> 1). 
Siguiendo el criterio adoptado por vez primera por Moyano y col (2002) en vinos de 
Jerez sujetos a envejecimiento biológico, aquellos compuestos volátiles que comparten 
descriptores aromáticos análogos se pueden agrupar en una misma serie odorante 
caracterizada por un descriptor genérico. En nuestro caso para construir las series 
odorantes ―frutal, floral, herbáceo (o vegetal), dulce, especiado, láctico (o fermentativo) y 
“otros”― nos basamos en el trabajo llevado a cabo por Sánchez-Palomo y col. (2010) en el 
cual se evaluaron vinos blancos de la variedad Verdejo. Posteriormente, los OAVs de los 
compuestos que forman cada serie odorante se suman para obtener un valor global de 
OAV (Tabla IV.2). Este procedimiento posibilita hacer una estimación del perfil 
organoléptico de un vino mediante los datos cuantitativos aportados por el análisis 
químico. De este modo, las modificaciones del valor de OAV global registrado para cada 
serie odorante en cada vino pueden proporcionar información adicional sobre posibles 
cambios sensoriales producidos en el vino a consecuencia de los diferentes tratamientos 
fitosanitarios aplicados en el viñedo. 
Tabla IV.2. Clasificación de los compuestos identificados en series odorantes. 
Compuesto Serie Odorantea,b Compuesto Serie Odorantea,b 
(+/-)-Linalol    2 Octanoato de etilo   1, 4 
α-Terpineol    2 Decanoato de etilo   1, 4 
(±)-β-Citronelol   1, 3 Succinato de dietilo   7 
Nerol   2 4-Etilfenol   6 
Geraniol   2 4-Vinilguayacol   5 
trans, trans-Farnesol   1, 2, 3, 5 Acetovainillona   5 
3-Metil-1-butanol 
(Alcoholes isoamílicos)   4, 6 Vanillato de etilo   4, 5 
1-Hexanol    2, 3 Eugenol   4, 5 
trans-3-Hexen-1-ol    3 Vainillina   5 
cis-3-Hexen-1-ol    3 Ácido butírico   6 
Alcohol bencílico   1, 4 Ácido isovalérico   4, 6 
2-Feniletanol   2 Ácido caproico   6 
Acetato de isoamilo   1 Ácido caprílico   6 
Acetato de hexilo   2, 3 Ácido cáprico   6 
Acetato de 2-feniletilo   2 (R)-(-)-Pantolactona   7 
Butirato de etilo   1 Benzaldehído   1, 4 
Hexanoato de etilo   1 Metionol   7 
a 1, Frutal; 2, Floral; 3, Herbáceo; 4, Dulce; 5, Especiado; 6, Láctico; 7, Otros. 
b Clasificación de las series odorantes según el criterio adoptado por Sánchez-Palomo, Gómez García-
Carpintero, Alonso-Villegas, and González-Viñas (2010), Ruiz, Zea, Moyano, and Medina (2010) y Noguerol-
Pato, González-Álvarez, González-Barreiro, Cancho-Grande, and Simal-Gándara (2013). 
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Todas las series consideradas presentaron un OAV global superior a la unidad, lo 
que refleja su participación relevante en el aroma del vino. En todos los vinos, el OAV 
global de las series odorantes floral, herbáceo, especiado y “otros” adquirió valores 
comprendidos en el intervalo 1-8 (Figura IV.1), mientras que en las restantes series 
―frutal, dulce y láctico― el OAV global fue superior a 8, llegando incluso a alcanzar valores 
de 80 unidades de OAV (Figura IV.2). 
 
Figura IV.1. Representación gráfica de las series odorantes con OAV global comprendido 
entre 1 y 8.  
* Vinos que presentan diferencias estadísticamente significativas respecto al control (E); n=3, 
nivel de confianza 95%. 
 
 
Figura IV.2. Representación gráfica de las series odorantes con OAV mayor de 8. 
* Vinos que presentan diferencias estadísticamente significativas respecto al control (E); n=3, 
nivel de confianza 95%. 
 
Para evaluar, a partir del OAV global de cada serie, si existen diferencias 
estadísticamente significativas entre el vino control (E) y el resto de vinos (A-D), se realizó 
un análisis de la varianza (ANOVA) de una vía con un nivel de confianza del 95%. A partir 
de este análisis se observó que todas las series odorantes establecidas, exceptuando la 
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serie frutal, presentaron diferencias estadísticamente significativas. En términos generales 
se observó que el valor de OAV global de cada serie fue inferior en los vinos realizados con 
uvas para las que no se respetó el plazo de seguridad de los productos fitosanitarios (PAC) 
respecto al vino control (E), especialmente en los vinos C (ciazofamida) y D (famoxadona y 
ciprodinilo). Esta apreciación indica que, al no realizar BPA en el viñedo, el vino obtenido 
podría sufrir una depreciación en su intensidad aromática. Estos resultados concuerdan 
con los obtenidos por Aubert et al. (1997), quienes observaron que el tratamiento en 
viñedo con el fungicida flusilazol originó un descenso de los compuestos aromáticos del 
vino asociada a la posible alteración en la síntesis de compuestos varietales y 
prefermentativos durante el crecimiento de la baya; mientras que el descenso de los 
compuestos fermentativos se podría atribuir al posible efecto del fungicida sobre el 
metabolismo de la levadura vínica.  
En la serie floral, el vino B (valifenalato) fue el único que presentó diferencias 
estadísticamente significativas respecto al control (E), debido principalmente al 
incremento de los compuestos: geraniol, 2-feniletanol y acetato de 2-feniletilo. Un trabajo 
realizado por Oliva, Zalacain, Payá, Salinas, and Barba (2008) con vino tinto elaborado a 
partir de uvas Monastrell tratadas con famoxadona, fenhexamida, fluquinconazol, 
kresoxim-metil, quinoxifen y trifloxistrobin, bajo BPA y PAC, obtuvieron resultados 
similares. Estos autores observaron un incremento del 2-feniletanol, los compuestos 
terpénicos y los acetatos de los ácidos grasos en los vinos obtenidos a partir de uvas 
tratadas bajo PAC respecto al control. Como se muestra en la Tabla IV.1, la tasa de 
disipación del valifenalato en el vino B fue solamente del 32%, por lo tanto, el aumento de 
esta serie pudo deberse a que los residuos de este fungicida favorecieron la actividad 
glicosidásica liberandose así, compuestos varietales a partir de sus precursores no 
odorantes. Esta hipótesis concuerda con los resultados obtenidos en un estudio realizado 
por Oliva, Navarro, Barba, Navarro, and Salinas (1999). Estos autores observaron una 
mayor concentración de geraniol, compuesto principal de la serie floral, en 6 vinos 
elaborados con uvas tratadas con el insecticida clorpirifos y los fungicidas fenarimol, 
mancozeb, metalaxil, penconazol y vinclozolín respecto a los vinos obtenidos con uvas sin 
tratar. 
En la serie herbácea se observaron diferencias estadísticamente significativas en 
tres de los cuatro vinos tratados bajo PAC frente al control (E). En dos de ellos ―B 
(valifenalato) y C (ciazofamida)― el OAV global disminuyó, mientras que en el vino D 
(famoxadona y ciprodinilo) aumentó. La principal causa fue la disparidad en los valores de 
trans, trans-farnesol, compuesto varietal incluido en esta serie. Lo que vuelve a ratificar el 
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hecho de que los tratamientos fitosanitarios pueden afectar a la biosíntesis de los 
compuestos varietales presentes en la uva. 
Considerando las series láctico y dulce del vino A (mandipropamida), los OAVs 
globales aumentaron significativamente respecto al control (E), mientras que en los vinos 
C (ciazofamida) y D (famoxadona y ciprodinilo) disminuyeron. Este comportamiento se 
debió fundamentalmente a que el ácido isovalérico fue el que más contribuyó y varió 
dentro de ambas series. Al contrario que sucede en este estudio, en el llevado a cabo por 
Oliva y col (1999) no se encontraron diferencias estadísticamente significativas para este 
ácido, al comparar BPA y PAC en la elaboración de vinos tintos de la variedad Monastrell. 
En la serie especiado, el único vino que mostró un comportamiento similar al vino 
control (E) fue el vino B (valifenalato). El OAV global del resto de vinos (A, C y D) 
disminuyó de forma estadísticamente significativa, causada sobre todo por la disminución 
en la concentración del 4-vinilguayacol, uno de los principales fenoles volátiles producidos 
por la levadura Sacharomyces cerevisiae durante la fermentación alcohólica. 
Finalmente, el caso de la serie odorante “otros” (constituida únicamente por el 
metionol y la R-pantolactona) es llamativo, puesto que presentó una disminución en todos 
los vinos obtenidos bajo PAC (A-D). La R-pantolactona apenas participa en la serie ya que 
sus valores fueron muy bajos respecto a los valores del compuesto azufrado metionol. 
Aunque el descriptor aromático más aceptado para este último compuesto es verdura 
cocida o patata, solamente concentraciones anormalmente elevadas serían responsables 
de este defecto del aroma (Rauhut & Kürbel, 1993).  
 
IV.2. Influencia del proceso de elaboración de vinos 
dulces monovarietales Garnacha Tintorera sobre 
su calidad aromática 
En la comarca vitícola de Valdeorras, la comarca más oriental de la provincia de 
Ourense (limítrofe con la provincia de León) existe una arraigada tradición, desde hace 
más de dos siglos, de elaboración de vinos naturalmente dulces mediante pasificación, a 
nivel artesanal en bodegas familiares, preferentemente a partir de uvas blancas de la 
variedad Godello. La primera constancia de la distribución internacional de estos vinos fue 
hace 100 años en un concurso vitícola celebrado en Francia al que concurrió la empresa 
"Bodegas Losada", instalada en A Rúa (Veiga, 2011) Los tostados caseros de Valdeorras 
son de uvas blancas ’’godello’’ pasificadas y el consejo quiere impulsar los tintos de 
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’’garnacha tintorera’’ <http://galiciagastronomica.galiciae.com/nova/72958.html>. 
Actualmente, con un mercado vitivinícola tan exigente, en continua búsqueda de 
productos con calidad diferenciada, hay gran interés por recuperar dicha tradición. 
Estudios llevados a cabo por técnicos del CRDO Valdeorras sobre la idoneidad de las 
variedades de uva permitidas en la DO para la elaboración de este tipo de vinos 
naturalmente dulces, demostraron que la Garnacha Tintorera es totalmente apta para 
soportar el proceso de pasificación. La Garnacha Tintorera se caracteriza por poseer un 
hollejo duro y resistente, además el racimo es de compacidad media, lo que facilita el 
movimiento del aire entre las bayas, favoreciendo y haciendo más homogénea la 
deshidratación. La elección de esta uva presenta la ventaja adicional de revalorizar una 
variedad ampliamente extendida en la comarca, catalogada como uva autorizada cuyo 
destino se focaliza casi exclusivamente en la elaboración de vinos tintos con mezclas de 
otras variedades preferentes (Mencía, Tempranillo, Brancellao, Merenzao, Sousón, Caíño 
Tinto, Espadeiro y Ferrón) o autorizadas (Gran Negro y Mouratón). 
En el segundo capítulo de esta memoria se evaluará el efecto que provoca sobre el 
perfil aromático del vino dulce monovarietal Garnacha Tintorera los distintos procesos 
de elaboración: pasificación y fortificación. Este estudio dio lugar a 2 artículos 
publicados en revistas internacionales de elevado prestigio (tipo A, 1º cuartil, SCI) y 
recogidos en los Anexos IV y V de esta memoria.  
IV.2.1.Efecto del proceso de pasificación de uva y de su transformación en 
vino dulce 
IV.2.1. Composición aromática de las uvas durante el proceso de pasificación 
Para llevar a cabo este estudio, se recogieron muestras a 7 diferentes estados de 
pasificación, desde el día de la vendimia hasta el final del proceso (días 0, 6, 16, 30, 44, 59 
y 83) tal y como se explicó en el apartado III.2.2. A lo largo de este tiempo, las uvas del cv. 
Garnacha Tintorera fueron disminuyendo de peso debido a la pérdida de agua. Esta 
variable es imprescindible para explicar la evolución de las concentraciones de los 
compuestos responsables del aroma durante el proceso de pasificación, debida 
especialmente al efecto de la evaporación del agua y/o a la biosíntesis de nuevos 
compuestos. En la Figura IV.3. se representa la evolución de la pérdida de peso de las 
bayas y se observa que al final del proceso la pérdida total fue de aproximadamente 62%.  
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Figura IV.3. Evolución de la pérdida de peso de las uvas Garnacha Tintorera a lo largo de la 
pasificación. 
 
IV.2.1. Composición aromática de las uvas durante el proceso de pasificación 
Para estudiar la evolución del aroma a lo largo del proceso de pasificación, se 
analizaron, además de los compuestos volátiles libres, también los compuestos ligados. 
Los procesos de vinificación y fermentación favorecen la liberación de los compuestos 
ligados para aportar aroma al vino final (Hidalgo-Togores, 2003), por eso para simular el 
efecto que producirían esos procesos en las uvas se llevó a cabo una hidrólisis enzimática 
tal y como se detalla en el apartado III.4.1.2.  
Para simplificar el estudio de la evolución de los compuestos a lo largo de la 
pasificación, al igual que hicieron Ruiz, Zea, Moyano, and Medina (2010) en un trabajo con 
uvas Pedro Ximénez deshidratadas, se calculó el Factor de Producción (FP) dividiendo la 
concentración media de cada compuesto o familia de compuestos al final del proceso (CF) 
entre su respectiva concentración inicial (C0).    
   
  
  
 
El Factor de Producción debido exclusivamente a la pérdida de peso del 62% por 
evaporación fue de 2,6. Aplicando un margen de error del 20%, se consideró que los 
compuestos cuyo FP se haya encontrado entre 2,1 y 3,1 no han sufrido modificaciones a lo 
largo del proceso y el aumento de su concentración ha sido debido únicamente a la 
deshidratación de las uvas durante la pasificación. Por el contrario, cualquier valor de FP 
sobre 3,1 indicó la síntesis del compuesto en las uvas, mientras que valores menores de 
2,1 apuntan a una degradación o transformación del compuesto a lo largo del proceso de 
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pasificación. Los valores de FP de cada compuesto y familias de compuestos, sumando 
tanto libres como ligados, están detallados en la Tabla 2 (Anexo VII). 
 
Figura IV.4. Evolución del Factor de Producción a lo largo del proceso de pasificación.  
a) Familias químicas cuyo FP menor o igual al correspondiente a la deshidratación. 
b) Familias químicas cuyo FP mayor que el correspondiente a la deshidratación. 
 
La concentración de los alcoholes aromáticos libres aumentó considerablemente, 
en especial debido al incremento del 2-feniletanol, cuyo FP fue de 16. Este aumento fue 
mayor de lo esperado a causa de la síntesis ocurrida a partir del aminoácido fenilalanina 
que se fue acumulando en las uvas durante la pasificación (Laminkanra, Grimm, & Inyang, 
1996). Al mismo tiempo, los alcoholes aromáticos ligados también incrementaron su 
concentración por la misma razón. Sin embargo, a pesar de este comportamiento, a nivel 
global, el PF de esta familia química fue de 2,9 (Figura IV.4.a)) a consecuencia de la alta 
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contribución del alcohol bencílico cuyo aumento de concentración fue el previsto por 
efecto de la deshidratación. 
El resto de alcoholes estudiados, en contraposición al comportamiento presentado 
por estas últimas familias de alcoholes consideradas, aumentaron de manera 
extraordinaria, principalmente en sus formas libres aunque también en las ligadas; de 
hecho, en la Figura IV.4.b) se puede verificar su alto valor de FP. El metabolismo de las 
uvas en condiciones anaeróbicas produce un resultado similar al que ejercen las levaduras 
durante la fermentación alcohólica debido a enzimas como la alcohol deshidrogenasa 
(Ribéreau-Gayon et al., 2000b). Así, ocurre igual que sucedía con la familia de los alcoholes 
aromáticos, que se obtuvieron a partir de aminoácidos presentes en las uvas; en este caso 
3-metil-1-butanol y 2-metil-1-propanol a partir de leucina e isoleucina, respectivamente 
(Clarke & Bakker, 2004).  
A excepción del guayacol y del vanillato de etilo, la mayoría de los compuestos de 
la familia de los fenoles volátiles estuvieron ausentes en sus formas libres o aumentaron 
de concentración por debajo del FP. En cambio, con la hidrólisis enzimática se liberaron 
los fenoles volátiles ligados procedentes de las formas glicosiladas de los derivados 
cinámicos y fenólicos (Flanzy, 2003a) dando lugar cualitativamente a mayor número de 
compuestos que en forma libre. El FP de la mayoría de estos compuestos fue inferior al 
causado exclusivamente por efecto de la deshidratación, en cambio el vanillato de etilo, de 
nuevo presentó un FP superior (27), probablemente debido a la esterificación de los 
ácidos fenólicos, al igual que ocurre en la maceración carbónica durante el metabolismo 
anaerobio de las uvas (Flanzy, 2003b). 
La misma explicación es válida para la familia de las lactonas, puesto que aunque 
generalmente se forman durante la fermentación alcohólica, también se pueden formar 
por esterificación de un ácido y un alcohol de una misma molécula durante el metabolismo 
fermentativo de las uvas bajo condiciones de anaerobiosis (Franco, Peinado, Medina, & 
Moreno, 2004). Así, tres de las cuatro lactonas libres identificadas presentaron un FP muy 
superior al 2,6 provocado por la deshidratación. En general, el comportamiento de esta 
familia fue errático, con aumentos y disminuciones a lo largo del proceso, pero 
globalmente se observa que la concentración de las lactonas aumentó en la medida 
esperada (Figura IV.4.a)). 
La evolución de los ácidos fue muy fluctuante. El ácido benzoico después de sufrir 
la hidrólisis enzimática, no sólo fue compuesto mayoritario entre los ácidos, sino que 
también lo fue entre todos los compuestos identificados y además presentó un aumento de 
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la concentración muy por encima de lo esperado (Figura IV.4.b)). A excepción de este 
compuesto, el resto de los ácidos tuvieron una escasa contribución, tanto en sus formas 
libres como ligadas, incluso algunos de sus compuestos desaparecieron durante el 
proceso.  
La acetoína, único compuesto identificado dentro de la familia de las cetonas, 
solamente estuvo presente en su forma libre. Aunque esta cetona es un producto 
intermedio del metabolismo de las bacterias acéticas, también se puede sintetizar en las 
condiciones de deshidratación de las uvas, de hecho Ruiz et al. (2010) también 
encontraron acetoína en elevada concentración después del proceso de desecación de 
uvas de la variedad Pedro Ximénez. 
Por último, las familias de los ésteres de etilo y acetatos, aunque fueron las familias 
con las menores concentraciones entre todas, presentaron un FP de 22, debido 
principalmente al aumento de la concentración de la forma ligada del 3-hidroxibutirato de 
etilo.  
IV.2.2. Evolución del perfil aromático de las uvas Garnacha Tintorera durante 
el proceso de pasificación 
Habiendo estudiado la evolución de la concentración de los compuestos libres y 
ligados durante la pasificación de las uvas y tal y como se viene insistiendo a lo largo de 
esta memoria, es importante conocer el perfil aromático de las uvas en términos de OAV 
clasificando los compuestos en series odorantes, para poder conjeturar las potenciales 
características sensoriales del vino obtenido a partir de esas uvas. 
Puesto que la concentración de los compuestos volátiles responsables del aroma 
en las uvas se midió en unidades de µg g-1 uva y los umbrales de percepción sensorial 
vienen dados como µg mL-1, para obtener los valores de OAV (sin unidades) fue necesario 
multiplicar las concentraciones de cada punto de pasificación por la densidad medida en el 
mosto obtenido con uvas de ese mismo punto. 
Los OAVs calculados para cada compuesto a cada estado de pasificación se 
muestran en la Tabla 1 (Anexo VII.). En esta tabla se puede observar que entre todos los 
compuestos identificados en las uvas, 20 compuestos presentaron OAVs mayores que la 
unidad en al menos un punto de pasificación, por lo tanto se pueden considerar como 
odorantes activos. 10 de estos compuestos pasaron de tener concentraciones por debajo 
del umbral a tener OAV mayor que 1, y por lo tanto a poder ser percibido a nivel sensorial. 
A modo de ejemplo, el ácido benzoico y la acetoína mostraron este comportamiento, de tal 
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manera que al final del proceso sus aromas floral y caramelizado probablemente serían 
percibidos. Por el contrario, el hexanal, compuesto con aroma herbáceo, fuertemente 
percibido en las uvas recién cosechadas (OAV= 213), dejó de ser percibido al final de la 
pasificación. 
Tabla IV.3. Clasificación de los compuestos en series odorantes. 
Compuesto Serie odorante 
Óxido de cis-linalol   1 
Linalol 
 
1 
(-)-Terpinen-4-ol 
 
1, 7 
α-Terpineol 
 
1 
Nerol 
 
1 
Geraniol 
 
1 
β-Ionona 
 
1 
2-Feniletanol 
 
1, 2 
Ácido benzoico 
 
1 
Acetato de 2-feniletilo 
 
1 
2-Furfuraldehído 
 
1, 4 
Fenilacetaldehído 
 
1, 2 
ϒ-Butirolactona 
 
2, 12 
ϒ-Hexalactone 
 
2, 11 
Guayacol 
 
2, 4, 5 
Vainillina 
 
2 
Vanillato de etilo 
 
2 
Acetovainillona 
 
2, 7 
Acetoína 
 
2 
1-Hexanol 
 
2, 3, 14 
Hexanal 
 
3 
trans-2-Hexenal   
 
3 
trans-3-Hexen-1-ol  
 
3 
cis-3-Hexen-1-ol  
 
3 
trans-2-Hexen-1-ol  
 
3 
β-Citronelol 
 
3, 15 
Ácido geránico 
 
3 
Benzaldehído 
 
4, 8 
(R)-(-)-Pantolactona 
 
4 
4-Etliguayacol 
 
4, 7 
p-Vinilguayacol 
 
4, 5, 7 
Siringol 
 
4, 5 
1-Butanol 
 
5 
m-Cresol 
 
5, 13 
4-Etlilfenol 
 
5, 13 
Ácido isobutírico 
 
6 
Ácido butanoico 
 
6 
Ácido isovalérico 
 
6 
Ácido hexanoico 
 
6 
Ácido octanoico 
 
6 
Ácido decanoico 
 
6 
Eugenol 
 
7 
Alcohol bencílico 
 
8, 11 
4-Vinilfenol 
 
8 
2-Metil-1-propanol 
 
9, 10 
3-Metil-1-butanol  
 
9, 10 
1-Octanol 
 
9 
ϒ-Nonalactone 
 
12 
3-Hidroxibutirato de etilo   16 
a)       1, Floral; 2, Caramelizado; 3, Herbáceo; 4, Tostado; 5, Fenólico; 6, Láctico; 7, Especiado; 8, Nuez; 9, Químico; 
10, Acre; 11, Fruta de árbol; 12, Fruta tropical; 13, Cuero; 14, Resina; 15, Cítrico; 16, Baya. b)      clasificación  las series en base a los grupos r alizados por Ruiz, Zea, Moyano, and Medina (2010). 
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Siguiendo la clasificación de (Ruiz et al., 2010), se organizaron los compuestos con 
descriptores aromáticos análogos dentro de una misma serie odorante tal y como se 
muestra en la Tabla IV.3. Es interesante comparar el perfil aromático de las uvas 
Garnacha Tintorera sometidas al proceso de pasificación con el de otras variedades 
también deshidratadas aunque mediante otras técnicas.  
 
En virtud de que se han establecido las mismas series odorantes que Ruiz et al. 
(2010) en su estudio sobre los procesos de deshidratación de uvas al sol y bajo 
condiciones controladas de la variedad Pedro Ximénez, fue posible comparar los perfiles 
aromáticos de ambas uvas (Figura IV.5.). En ambas variedades, el matiz caramelizado fue 
el principal, aunque en la uva Pedro Ximénez fue significativamente mayor que en la 
Garnacha Tintorera independientemente del proceso de deshidratación llevado a cabo; lo 
mismo ocurrió con los aromas a fruta de árbol y especiado. Sin embargo, sí se percibió la 
diferencia entre las distintas técnicas de deshidratación, de tal manera que cuanto más 
drástico sea el proceso, mayor será el matiz caramelizado. En contraste, las uvas Garnacha 
Tintorera se caracterizaron por matices tostado y fenólico, prácticamente ausentes en las 
uvas de Pedro Ximénez, de ahí que se puede especular con la posibilidad de que esas 
diferencias hayan sido debidas a la variedad. En cualquier caso, la deshidratación provocó 
el deterioro irreversible de la estructura de la célula de la uva dependiendo esencialmente 
del método de secado en particular y sus condiciones.   
 
Figura IV.5. Comparación entre series aromáticas de las uvas en el último estado de pasificación y las uvas 
Pedro Ximénez sometidas a dos procesos diferentes de deshidratación (al sol y bajo condiciones controladas). 
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2.2.Calidad aromática de vinos dulces monovarietales Garnacha Tintorera  
 
I.1.1. Situación a nivel internacional de los vinos con método de cata 
 
Para enmarcar los vinos dulces obtenidos a partir de uvas de la variedad Garnacha 
Tintorera producidos en la DO Valdeorras, dentro del mercado de vinos dulces 
internacionales se realizó un análisis estadístico multivariante de cluster en función del 
tipo de vino y descriptor (Figura IV.7). 
En el dendrograma de la Figura IV.7 A, obtenido a partir de los descriptores 
genéricos de los vinos naturalmente dulces, se distinguen claramente dos grupos. Dentro 
del grupo 1, se ubican, creando un subgrupo, los vinos naturalmente dulces Garnacha 
Tintorera DO Valdeorras, muy próximos a los vinos tintos dulces Castaño Dulce de la DO 
Yecla (variedad Monastrell) y algo más distantes a los vinos Signal Nill de la DO 
Stellenbosch (variedad Chenin Blanc y Sauvignon Blanc). Este hecho s un indicativo de que 
los vinos dulces Garnacha Tintorera presentaron características organolépticas muy 
semejantes a las de otros vinos dulces reconocidos y apreciados a nivel internacional. El 
vino dulce Schmitges Erdener Spätlesse (DO Mosel, variedad Riesling), se desmarcó del 
resto de vinos naturalmente dulces constituyendo en solitario el segundo grupo, donde el 
porcentaje medio de la frecuencia de citación fue estadísticamente mayor para las notas 
cítricas, a frutas blancas, amarillas y a maleza. El grupo 1 destacó por las notas a tostado y 
fruta pasificada (debido principalmente a sus altos valores en los vinos del subgrupo 
Garnacha Tintorera, Tabla 4B del Anexo 6). 
Centrándonos en el dendrograma obtenido a partir de los datos de descriptores 
específicos, se aprecian de nuevo dos grupos (Figura IV.7 B). Sin embargo, en este caso el 
grupo 1, formado únicamente por los vinos naturalmente dulces Garnacha Tintorera, 
presentó valores más elevados del promedio de la frecuencia de citación en todos los 
descriptores estadísticamente diferentes (vainilla, galleta, láctico, arándano y fresa) que el 
resto de vinos del grupo 2 (Tabla 4B del Anexo 6). Dentro del grupo 2, de nuevo el vino 
Schmitges Erdener Spätlesse se puede clasificar en un subgrupo distinto a los restantes 
vinos naturalmente dulces.  
Teniendo en cuenta ambos dendrogramas, se deduce que los vinos naturalmente 
dulces Garnacha Tintorera de la DO Valdeorras se pueden encuadrar, en base a sus 
descriptores genéricos, dentro del mercado de vinos dulces elaborados con uvas 
pasificadas, pero sin carecer de identidad propia, atendiendo a los matices específicos. 
Tesis Doctoral Mariana González Álvarez 
78 
 
En la Figura IV.7 C y D se muestran los dendrogramas obtenidos mediante el 
análisis de cluster para los vinos licorosos (obtenidos mediante el proceso de fortificación) 
en función de los descriptores genéricos y específicos, respectivamente. En ambas 
representaciones gráficas se distinguen claramente dos grupos, de tal manera que los 
vinos licorosos de la DO Valdeorras, se pueden separar del resto de vinos licorosos 
evaluados sensorialmente: Royal Tawny 20 años, Niepoort L.B.V. (ambos de la DO Porto) y 
Domaine Pouderoux (perteneciente a la DO Maury). Los descriptores genéricos que 
diferencian a estos dos grupos fueron frutos negros y floral, cuya frecuencia de citación 
media fue mayor en los vinos licorosos Garnacha Tintorera. Esta particularidad concuerda 
con la clasificación obtenida con los descriptores específicos, puesto que el grupo 1, 
compuesto por los vinos licorosos Garnacha Tintorera, se caracterizó por elevados 
porcentajes de frecuencia de citación de los descriptores mora, arándano, geranio, vainilla 
y madera fresca, mientras que el atributo dátil fue clave en el grupo que engloba al resto 
de vinos licorosos.  
En vista de los resultados obtenidos en los dendrogramas C y D de la Figura IV.7 
(ANEXO 5), se puede asegurar que los vinos licorosos de la DO Valdeorras presentan su 
propia idiosincrasia y se diferencian claramente de tres vinos pertenecientes a dos de las 
familias de vinos licorosos con más prestigio internacional, la portuguesa vinho do Porto y 
la francesa Vins Doux Naturels (Vinos Dulces Naturales). 
 
Caracterización química por GC-MS: determinación de compuestos volátiles 
En vista de la buena puntuación alcanzada por los vinos dulces en la cata, se llevó a 
cabo el análisis instrumental mediante CG-MS del perfil aromático de dos vinos 
representativos de cada método de elaboración, especificados en la Tabla XX. Para la 
determinación de los compuestos volátiles responsables del aroma se siguió el protocolo 
detallado en el Apartado III.4 de la Sección de Materiales y Métodos.  
Las concentraciones de las familias químicas más representativas que constituyen 
el perfil aromático de los vinos elegidos se especifican en el diagrama de barras de la 
Figura IV.8. 
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Figura IV.8. Compuestos volátiles agrupados por familias químicas responsables del aroma de los 
vinos naturalmente dulce y licoroso.  
Atendiendo a la familia de los terpenos, el vino naturalmente dulce presentó una 
concentración mayor que en el vino licoroso. La razón más probable de este aumento se 
deba bien a la preconcentración de los compuestos asociada a la pérdida de agua en el 
proceso de pasificación (Moreno et al., 2008. Publi), o bien a la liberación de los terpenos 
causada por la degeneración celular de la piel de la uva donde están localizados 
mayoritariamente (Genovese y col., 2007. Publi).  
La familia química de los norisoprenoides no se vio afectada por el proceso de 
elaboración, ya que el contenido en ambos vinos fue semejante, lo cual corrobora el hecho 
de que estos compuestos dependen exclusivamente de la variedad.  
En cuanto al contenido de alcoholes, en el vino naturalmente dulce fue menor que 
en el licoroso. Este comportamiento probablemente sea fruto de la baja actividad 
metabólica de las levaduras en este tipo de vinos a causa de su alto contenido en ácido 
glutámico (Kliewer, 1968).  
La concentración de los ácidos grasos volátiles, subproductos del metabolismo 
de las levaduras, fue mayor en el vino naturalmente dulce. 
Otra familia de compuestos procedentes del metabolismo de las levaduras, ésteres 
y acetatos, fueron significativamente mayores en el vino licoroso, sobre todo en el caso de 
los ésteres. Esta gran diferencia la provocan fundamentalmente 3 compuestos: succinato 
de dietilo, lactato de etilo y malato de dietilo.  
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El comportamiento de los compuestos carbonílicos (aldehídos y lactonas) es 
similar, su contenido fue mayor en el vino licoroso. En el caso de los aldehídos debido 
básicamente a dos compuestos, 2-furfural y 5-metilfurfural. Recordemos que el vino 
licoroso permaneció durante 2 años en barricas de roble francés. Estos aldehídos son 
producto del tostado de la barrica, el 2-furfural se genera a raíz del calentamiento por 
degradación (descomposición) de las pentosas presentes en la madera, mientras que el 5-
metilfurfural por degradación de la ramnosa (REFERENCIA). Esto unido al hecho de que el 
vino licoroso tiene un alto contenido en alcohol (poner el porcentaje), favorece 
notablemente el paso de este tipo de compuestos a la matriz vínica. La principal 
contribución a la familia de las lactonas en el vino licoroso corresponde concretamente a 
la cis-whiskylactona, que no está presente en el vino naturalmente dulce. Este compuesto, 
específico de la madera de roble (Masuda & Nishimura, 1971), se va liberando al vino 
durante la crianza en barrica. Las lactonas son compuestos con alta solubilidad en agua y 
baja volatilidad (Vernin, Pascal-Mousselard, Metzger, & Párkányi, 1993), por eso se 
extraen fácilmente de la madera y permanecen en el vino final. Cabe resaltar que la única 
lactona que aparece en el vino naturalmente dulce es el sotolón, sintetizado durante la 
deshidratación de las uvas mediante la reacción de Maillard (Genovese, Gambuti, 
Piombino, & Moio, 2007). Diversos autores han identificado esta lactona en otros tipos de 
vinos naturalmente dulces como el Tokaji o los vinos de Jura (Guichard, Pham, & Etievant, 
1993).  
La familia de las cetonas, constituida por un único compuesto la acetoína, no es 
muy abundante, tan solo se detectó en el vino naturalmente dulce. Franco y col (2004) 
relacionan su presencia en el vino al metabolismo anaeróbico de las uvas durante el 
proceso de pasificación en vinos de Jerez (cv. Pedro Ximenez). 
La concentración de fenoles volátiles, al igual que la de los compuestos 
carbonílicos (aldehídos y lactonas), fue muy superior en el vino licoroso frente al 
naturalmente dulce debido sobre todo a la extracción de los derivados de la vainillina 
(vainillina y vainillato de etilo) de la barrica. La vainillina fue el compuesto que sufrió un 
cambio más drástico, su contenido en el vino licoroso fue 100 veces superior al del vino 
naturalmente dulce. A partir de la lignina de la madera, por medio de reacciones de 
hidrólisis y de oxidación, se obtiene este compuesto con un olor característico a vainilla 
típico de los vinos envejecidos en barrica (Maga, 1989).  
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Estimación de series odorantes. Diferencias entre vinos 
Los 72 compuestos volátiles aislados, identificados y cuantificados en los vinos 
dulces se clasificaron, en base a sus correspondientes descriptores, en 7 series odorantes: 
frutal, floral, herbáceo, dulce, especiado, láctico y madera. Como se explicó en el capítulo 
anterior, los compuestos con OAV>1 tienen actividad odorante, sin embargo Gómez-
Míguez, Gómez-Míguez, Vicario, and Heredia (2007) señalaron además, la relevancia en el 
aroma global del vino de aquellos compuestos con OAV>0,2. Por esta razón, para la 
construcción de las series odorantes se emplearon todos los compuestos volátiles 
identificados, incluso aquellos con OAV<1. Mediante el cálculo del OAV global de las series 
odorantes se pueden estimar las diferencias en el perfil aromático de ambos vinos, 
naturalmente dulce y fortificado, con los datos aportados por el análisis químico 
instrumental. En la Figura IV.9 se representan los perfiles aromáticos de los dos vinos 
dulces considerados. 
 
Figura IV.9. Perfil aromático instrumental de los vinos Garnacha Tintorera naturalmente dulce y 
licoroso realizado mediante la representación del OAV global de sus series odorantes 
características  
 
Las series que más variaron entre ambos vinos fueron especiado y madera, 
despuntando ambas en el vino licoroso. La vainillina (OAV=117), junto con la cis-
whiskylactona (OAV=37), son los compuestos responsables de que esta serie predomine 
en el vino licoroso. Como ya se ha visto anteriormente la madera tostada de las barricas 
donde se ha llevado a cabo la crianza del vino es la fuente principal de estos compuestos, 
que forman parte de las familias químicas de los fenoles volátiles y lactonas, 
respectivamente. 
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La serie floral en el vino naturalmente dulce alcanza niveles que casi duplican a los 
del vino licoroso. Los compuestos que contribuyen a esta serie son diferentes en cada uno 
de los vinos, destacando por encima del resto la β-ionona y el isoeugenol en el vino 
naturalmente dulce con OAVs de 33 y 26, respectivamente, y la β-damascenona en el vino 
licoroso, con un OAV de 29. 
IV.2.3.Comparación del perfil aromático de las uvas Garnacha Tintorera en el último 
estado de pasificación con su correspondiente vino obtenido 
Al comparar el perfil de las uvas a los 83 días de pasificación con perfil del vino 
resultante de la vinificación de estas uvas pasas (comentado en detalle en el apartado 
IV.2.), se aprecian diferencias notables en varias series odorantes (Figura IV.10.). Como 
es bien sabido, el vino experimentó un proceso de fermentación que no ocurrió en las uvas 
y, por lo tanto es lógico que haya habido diferencias entre ambos perfiles. Como se puede 
observar, la series caramelizada, tostado y fenólico fueron significativamente mayores en 
las uvas pasificadas; probablemente, los compuestos que pertenecen a estas series se han 
transformado durante la vinificación. Por el contrario las series floral, fruta tropical y fruta 
de árbol fueron comparativamente mayores en el vino naturalmente dulce. La explicación 
a estas diferencias fue debida a que los ácidos, ésteres y acetatos, principales compuestos 
responsables del aroma fermentativo, proporcionaron sus característicos aromas 
fermentados (láctico) y frutales al vino (Ribéreau-Gayon, Glories, Maujean, & D., 2006). El 
aumento del matiz floral en el vino pudo ser debido al efecto de concentración causado 
por el bajo porcentaje de rendimiento de la vinificación, como se comentó en el apartado 
III.2.2. de Materiales y Métodos. 
 
Figura IV.10. Comparación entre series aromáticas de las uvas en el último estado de pasificación y el vino 
obtenido. 
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Influencia de la aplicación de fungicidas en la calidad aromática del vino 
GodelloEn los vinos monovarietales Godello analizados se han identificado un total de 
34 compuestos volátiles aunque tan sólo 15 pueden considerarse como odorantes activos 
puesto que sus concentraciones superaron el correspondiente umbral de percepción.  
Asociando en series odorantes los compuestos volátiles con descriptores aromáticos 
similares, se observó que los OAVs de todas las series odorantes (frutal, floral, herbáceo, 
dulce, especiado, láctico y otros) fueron superiores a la unidad. 
Del resultado del análisis de varianza llevado a cabo para diferenciar los dos tipos 
de vinos se obtiene principalmente una conclusión. Se encontraron diferencias 
significativas entre los vinos realizados sin respetar el plazo de seguridad de los 
productos fitosanitarios empleados y aquéllos que sí los respetaron. En la inmensa 
mayoría, los valores de OAV fueron inferiores para los vinos tratados bajo PAC. Esta 
apreciación indica que en presencia de residuos de fungicidas en las uvas de partida, el 
vino obtenido puede sufrir una depreciación en su calidad aromática. Incluso la serie 
“otros” constituida principalmente por metionol, cuya presencia se asocia con un impacto 
negativo en el aroma del vino, disminuyó respecto al control. Este compuesto solamente 
se considera negativo a concentraciones anormalmente elevadas, por eso en este caso su 
presencia contribuyó a la depreciación del aroma al no percibir las notas agradables que 
le dan calidad a los vinos analizados.  
Los productos fitosanitarios formulados con fungicidas de nueva generación y 
aplicados en la parcela de ensayo parecen no influir demasiado sobre la composición de 
los vinos resultantes, puesto que no se han registrado diferencias significativas entre los 
vinos A-D con respecto al vino control para un elevado número de odorantes activos. 
A nivel sensorial, los catadores apenas señalaron diferencias entre vinos, a 
excepción de los atributos sensoriales floral y de intensidad de color.  
El atributo floral fue el único atributo que presentó diferencias en ambos análisis, 
aunque contradictorias, en los vinos tratados bajo PAC respecto al vino control. La 
regresión PLS, permitió establecer correlaciones entre los datos instrumentales y 
sensoriales, tanto positivas como negativas lo que hace pensar que existen sinergias y 
antagonismos entre compuestos. 
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Influencia del proceso de pasificación en la calidad aromática del vino Garnacha 
TintoreraPara evaluar el efecto de la pasificación en las uvas de la variedad Garnacha 
Tintorera se calculó un parámetro denominado Factor de Producción que indica la 
influencia de la pérdida de agua y materias volátiles durante la deshidratación de las uvas. 
Al final del proceso las uvas perdieron un 62% del peso inicial. De esta manera, el FP 
obtenido exclusivamente por efecto de la pasificación resultó de 2,6. Cualquier valor 
significativamente por encima indica la síntesis un compuesto o familia de compuestos o 
bien su transformación a partir de otros compuestos. En este caso las familias de los 
ácidos, ésteres de etilo y alcoholes, superaron ese valor. Se ha llegado a la conclusión de 
que aunque los compuestos volátiles que constituyen esas familias habitualmente se 
generan durante la fermentación, un mecanismo similar ocurre durante el metabolismo 
anaerobio de las uvas. Del mismo modo, valores significativamente menores, apuntan a 
una posible degradación o transformación de los compuestos. Éste es el caso de los 
aldehídos, alcoholes C6, fenoles volátiles y monoterpenos. 
Al igual que en el bloque anterior, se crearon series odorantes en base a los 
descriptores de los compuestos identificados en las uvas, para tratar de buscar el impacto 
sensorial que podrían tener los cambios producidos a lo largo de la pasificación. Se 
observó que las series odorantes más destacadas fueron caramelizado, tostado y 
especiado. 
El vino obtenido a partir del último punto de pasificación se evaluó sensorialmente 
mediante un panel de catadores expertos. Ellos destacaron los matices de vainilla, galleta, 
láctico, arándano y fresa como los principales aromas del vino naturalmente dulce. 
Además al compararlo, en términos genéricos, con otros vinos dulces del mercado se 
encontraron similitudes con el vino Castaño Dulce y el Signal Nill, sin embargo cuando 
atendemos a descriptores más concretos sí se diferencian del resto de vinos, lo que alude a 
la propia identidad del vino naturalmente dulce. 
Se realizó una comparación entre el perfil aromático de las uvas en el último punto 
de pasificación y el del vino resultante de su vinificación y se encontró que las series 
compuestas por compuestos principalmente fermentativos (frutal, fruta de árbol, floral y 
láctico) fueron superiores en el vino que en las uvas. Este resultado es razonable puesto 
que el vino sufrió un proceso de fermentación. Por otra parte, las uvas tuvieron mayores 
valores de caramelizado, tostado y especiado. El hecho de que en el vino estas series 
fueran tan bajas hace pensar que ocurre algún proceso de degradación. 
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a b s t r a c t
Godello is a traditional white-grape vine grown widely in the Valdeorras area (Northwest Spain) available
information about the sensory and chemical characteristics of which is scant. In this work, exploratory
research was conducted with a view to correlate the results of instrumental analyses of the aroma com-
pounds in Godello wine and their sensory perception. Principal Component Analysis (PCA) and Partial
Least Squares Regression (PLS) were the multivariate data analysis methods selected. PCA showed the
distribution of the Godello wines based on volatile compounds with Odour Activity Values (OAV) higher
or near-unity and sensory characteristics, and PLS exposed relationships between sensory descriptors and
volatile compounds, in the wines. The compounds that mostly contributed to the ﬂavour of Godellowines
were those conferring a fruity (ethyl esters and acetates, accounting 55.1% of total OAV), spicy (fatty
acids, 35.3%) or ﬂoral aroma (terpenes, 3.1%) based on instrumental analysis. In sensory analysis the
descriptors with the highest intensity percent were fruity and ﬂoral aromas (ﬂoral, apple and citrus),
together with herbaceous notes.
 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Aroma is one of the main factors contributing to the quality of
wine and sets the difference between a vast number of wines
and wine styles produced throughout the world (Rodríguez-
Nogales, Fernández-Fernández, & Vila-Crespo, 2009). More than a
thousand ﬂavour compounds have so far been identiﬁed in wine
(Bonino et al., 2003; Guth, 1997).
Identifying the speciﬁc chemical compounds that impart wine
desirable sensory characteristics requires a sound knowledge of
the chemical composition and sensory properties of wine, or of
the compounds concerned in wine (Francis & Newton, 2005). At
present, volatile compounds can be analysed under conditions
closely mimicking those under which humans perceive aroma.
Gas chromatography (GC) and mass spectrometry (MS) provide
an effective tool for the odourant characterization of wines
(Noguerol-Pato, González-Barreiro, Cancho-Grande, & Simal-Gándara,
2009). Without sensory evaluation, however, the mere knowledge
of the precise volatile composition of the ‘‘sniffed aroma’’ of a wine
is inadequate to predict the ﬂavour of the whole system as per-
ceived by a trained sensory judge (Noble & Ebeler, 2002). In fact,
aroma compounds can interact synergistically with one another
and have masking or suppressing effects at above-threshold
concentrations, or additive interactions at sub-threshold
concentrations (Francis & Newton, 2005).
There have been several major achievements in wine character-
ization by chemometric analysis of physico-chemical data over the
past decade (Saurina, 2010), where multivariate statistical tech-
niques have been used to elucidate the relationships between sen-
sory and instrumental data for wines. Such techniques include
Principal Component Analysis (PCA) and Partial Least Squares
Regression (PLS). PCA is used for recognition in multivariate data
sets, as well as for dimensionality reduction based on linear com-
binations of the original variables (GC peaks or sensory attributes
for wine) that are called ‘‘principal components’’ (PCs). PCA can
be used to identify combinations of variables having the largest
contribution to variability in the data set since such variables are
retained in the ﬁrst few PCs (Kozak & Scaman, 2008). PLS is a ‘‘soft
modelling’’ method that extracts ‘‘factors’’ or latent variables;
these are linear combinations of one set of variables (e.g. instru-
mental data) that predict much of the variation in another set of
variables (e.g. sensory attribute ratings) (Noble & Ebeler, 2002).
The emphasis of this technique is on predicting the characteristics
and not necessarily on trying to understand the underlying rela-
tionships between variables (Cozzolino, Cynkar, Shah, Dambergs,
& Smith, 2009).
Multivariate techniques have been widely used to correlate sets
of sensory and chemical data (Aznar, López, Cacho, & Ferreira,
2003; Botelho, Mendes-Faia, & Clímago, 2008; Campo, Ferreira,
Escudero, & Cacho, 2005; Lee & Noble, 2006; Pereira, Reis, Saraiva,
& Marques, 2010). To our knowledge, however, they had never
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previously been applied to young wines from Godello grapes. In
fact, available information about the chemical and sensory proper-
ties of monovarietal Godello wines is scant. In the few studies on
these wines reported to date, Versini, Orriols, and Dalla Serra
(1994) made the ﬁrst attempt to classify and characterize three
Galician cultivars, including Godello, on the basis of volatile com-
pounds linked to varietal peculiarities, extending in particular
the investigation to other monoterpenols and to the bound forms;
Vilanova (2006) described and assessed consumer responses to
Godello wines from the Valdeorras Controlled Designation of Ori-
gin; Losada, Andrés, Cacho, Revilla, and López (2011) examined
the effect of the static settling time and sources of yeast assimilable
nitrogen on aroma composition and taste of Godello young wines;
and González-Rodríguez, Noguerol-Pato, González-Barreiro, Cancho-
Grande, and Simal-Gándara (2011) evaluated the effect on
aroma composition of three new commercial fungicides (benalaxyl,
iprovalicarb and piraclostrobin) for downy mildew control as
applied under Good Agricultural Practices (GAP).
Godello is a white grape variety native to Galicia (Northwestern
Spain) and the raw material for the production of high-quality
white wines in the Valdeorras DO (designation of origin) mainly,
but also in the Monterrei, Ribeiro and Bierzo DOs. Although Godello
is a relative newcomer to the international wine stage, praise for its
inherent complexities has lately been the talk of wine circles. Some
Godellowines are among the world elite (http://www.latimes.com/
; Parker, 2008; Peñín, 2010).
In this work, a combination of sensory analysis and aroma com-
pound detection was used to identify the aroma characteristics of
monovarietal Godello white wines, using multivariate analysis by
PCA and PLS to correlate data sets.
2. Experimental
2.1. Wine samples
The winemaking process was identical in all viniﬁcation exper-
iments from different vineyards (5 in total) and was ran as follows:
an amount of 100 kg of grapes was crushed and pressed to obtain
must that was supplied with SO2 at a 50 mg/l concentration, and
clariﬁed by settling in individual metallic vessels containing Eno-
zym Altair pectolytic enzymes from Agrovin S.A. (Ciudad Real,
Spain) at 10 C for 12 h. The clariﬁed must was then racked and a
commercial yeast added. The commercial dry yeast used was Fer-
mol Iper R (Saccharomyces cerevisiae r.f. cerevisiae strain PB 2870)
from AEB Group (Brescia, Italy). Alcoholic fermentation was con-
ducted at temperatures below 18 C for 14 days. The fermentation
process was monitored by measuring the temperature and density
in each container on a daily basis. At the end of the process, each
wine was racked to separate it from lees and supplied with
50 mg SO2/l. After 14 days, the wine was racked once more and
clariﬁed with bentonite at an 80 g/hl concentration. The clariﬁed
wine was ﬁltered through cellulose, supplied with SO2 to a maxi-
mum concentration of 30 mg/l wine and stabilized by addition of
meta-tartaric and ascorbic acids prior to bottling.
The ﬁve wines thus obtained (1–5) were bottled in December
2009 and subsequently analysed by the laboratory of Estación de
Viticultura e Enoloxía de Galicia (EVEGA), using OIV methods
(1990) (Table 1).
2.2. Extraction and quantitation of wine volatiles
A solid phase extraction (SPE) system was used for volatile con-
centration and clean-up, using the method of López, Aznar, Cacho
& Ferreira (2002) with the following slight modiﬁcations: the
Strata-X 33 lm polymeric reversed phase sorbent was sequentially
conditioned by rinsing ﬁrst with methanol (17 ml) and then with
water (20 ml adjusted at pH 3.5 with L(+)-Tartaric acid) without
allowing the sorbent to dry out. The sorbent was loaded with
50 ml of wine containing 25 ll of surrogate standard (4-nonanol
at a 100 mg/l concentration in ethanol) and 25 ll of antioxidant
(tert-butyl-4-hydroxyanisole, BHA, at 8 mg/ml), cleaned with
20 mL of water adjusted at pH 3.5 and dried by passing N2 for
45 min, after which volatile compounds were eluted with dichloro-
methane (10 ml). The eluate was dried over anhydrous sodium sul-
phate, concentrated to <1 ml under an N2 stream, enriched with
25 ll of 2-octanol (100 mg/l in ethanol) as internal standard and
adjusted to a volume of 1 ml with dichloromethane prior to gas
chromatographic analysis.
Volatile compounds were separated and identiﬁed on a Trace
GC instrument equipped with a PolarisQ ion trap mass selective
detector (ITMS) that was furnished with an AS 2000 automatic
injector from Thermo Finnigan (Rodano, Italy) and interfaced to a
PC computer running the software Xcalibur 1.4, from Thermo Sci-
entiﬁc. Chromatographic separations were done on a HP-Innovax
fused-silica capillary column (60 m  0.25 mm ID, 0.25 lm ﬁlm
thickness). The carrier gas, helium, was circulated at 1 ml/min in
the constant ﬂow mode. A split/splitless injector was used in the
splitless mode (split time: 0.75 min). The injected volume was
2 ll and the injector temperature 250 C. The oven temperature
programme was as follows: 45 C for 2 min; 2 C/min ramp to
225 C and holding for 15 min. The transfer line temperature was
250 C and the ion-trap manifold temperature 200 C. The ion en-
ergy for electron impact (EI) was always 70 eV.
Identiﬁcation of the volatile compounds was achieved by com-
paring the GC retention times and mass spectra over the mass
range 35–300 amu for the samples with those for pure standards
analysed under the same conditions. For volatile compound deter-
mination, chemical standards were purchased from Sigma–Aldrich
(St. Louis, MO, USA); stock standard solutions were prepared in
ethanol (Noguerol-Pato et al., 2009).
Mass detection was performed in the single ion monitoring
(SIM) mode for quantitation (Noguerol-Pato et al., 2009) and 2-
octanol used as internal standard.
2.3. Sensory analysis
The sensory analysis was performed in a professional room set
in accordance with ISO 8589 (2007) in order to facilitate the tast-
ers’ task of identifying descriptors. The room, located in the head-
quarters of the Valdeorras DO Regulatory Council, has 12 isolated
tasting booths and optimal conditions for the sensory evaluation
of wine.
Five Godello monovarietal wines (1–5) were analysed for sen-
sory aroma quality in terms of the 12 descriptors of Table 2. The
aroma attributes used were selected from a previous study that
evaluated 20 Godellowines by sensory descriptive analysis (Vilanova,
2006). Evaluations were done by seven trained panellists and
experienced tasters afﬁliated with the Valdeorras DO who take
part regularly in sensory analyses of Valdeorras wines held on a
weekly basis.
A constant volume of 30 ml of each wine was evaluated in
wine-taster glasses at 12 C in accordance with ISO 3591 (1977).
Table 1
General analysis of the wines.
Parameter Wine
1 2 3 4 5
pH 3.25 3.27 3.24 3.29 3.23
Alcoholic strength (% v/v) 12.6 12.3 12.5 12.7 12.5
Total acidity (g/l tartaric acid) 5.0 4.9 5.1 4.8 5.1
Total SO2 (mg/l) 62 66 77 80 65
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The sensory judges smelled and tasted the different wines, noted
the speciﬁc descriptors perceived and rated the intensity of each
sensory attribute on a ﬁve-point scale, where 0 indicated that the
descriptor was not perceived, and values 1–5 that its intensity
was very low, low, medium, high and very high, respectively. The
descriptors for each wine were classiﬁed by comparing the relative
intensity of each (viz. the intensity value given by a panel taster for
each descriptor with respect to the maximum possible value, ex-
pressed as a percentage).
2.4. OAV
The speciﬁc contribution of each odourant to the overall wine
aroma was determined by calculating the odour activity value
(OAV) as the ratio of the concentration of each compound to its
detection threshold concentration (Francis & Newton, 2005).
2.5. Statistical processing
PCA and PLS are the two most commonly used multivariate
techniques for grape and wine analysis. Both were implemented
here by using the statistical package Unscrambler v. 9.1 for Win-
dows (CAMO Software, Oslo, Norway).
PCA provides a very simple method for characterizing multidi-
mensional data; it represents the studied objects by projecting
the original data set from the high dimensional space onto a lower
dimensional space. The two or three major PCs as calculated by lin-
ear combination of the original variables usually sufﬁce to repre-
sent the total variability of the original data. This multivariate
technique requires no training set (i.e., a set where each object is
categorized in a selected class) and operates in the unsupervised
learning mode (Šnuderl, Mocak, Brodnjak-Voncˇina, & Sedlácˇková,
2009). PCA allowed us to relate the different odour compounds
and/or aroma attributes of Godello wines, and also to identify the
speciﬁc factors leading to the greatest variability.
PLS is a method for relating two data matrices, say X and Y,
through a linear multivariate model. The idea is to relate a re-
sponse variable (y) or a matrix of responses Y to the predictor vari-
ables of matrix X. To this end, matrix X is successively deﬂated as in
PCA; however, instead of ﬁnding those directions which maximize
data variability in the X-space, PLS seeks the directions in the X-
and Y-spaces corresponding to the maximum covariance. In this
way, PLS forms ‘‘new X-variables’’ as linear combinations of the ori-
ginal ones which are then related to Y-scores via a linear model
(Pereira et al., 2010).
Our X variables included the mean concentration of each active
odourant and were the indicator variables; and our Y variables
were the descriptive panel aroma attributes. The predictive ability
of the model for individual sensory attributes and the overall sen-
sory proﬁle were assessed with PLS 1 and PLS 2 models.
3. Results and discussion
3.1. Volatile composition of the wines
GC–MS analysis of the ﬁve Godellowines allowed the identiﬁca-
tion and quantitation of 37 compounds belonging to nine different
groups of volatile compounds (Table 3), namely: terpenes (six
compounds), alcohols (8), acetates (3), ethyl esters (6), volatile
phenols (6), volatile fatty acids (5), lactones (1), aldehydes (1)
and sulphur compounds (1). The alcohols were, quantitatively,
the largest group of volatile compounds, accounting for about
82% and followed by volatile fatty acids (11%), methionol (2.7%)
and ethyl esters (1.7%). Table 3 shows the mean and standard devi-
ation for each compound in the ﬁve wines. The relatively low stan-
dard deviations obtained for most compounds conﬁrm that the
volatile proﬁle of Godello wines is highly stable within the same
vintage.
More than 80% of the volatile fraction consisted of two com-
pounds: isoamyl alcohol and 2-phenylethanol. Both are fusel alco-
hols, which are usually present in wines as a result of yeast
metabolism during alcoholic fermentation. Concentrations above
300 mg/l in these alcohols have an adverse impact on wine aroma
and ﬂavour (speciﬁcally, a pungent smell and taste) (Rapp &
Versini, 1991); on the other hand, concentrations below that level
can have a positive impact by imparting the wine with fruity and
ﬂoral notes.
All volatile fatty acids detected were present at concentrations
above 500 lg/l. Although fatty acids usually confer undesirable
odours, they only do at concentrations above 20 mg/l (Ribéreau-
Gayon, Glories, Maujean, & Dubourdieu, 2006), which were found
in none of the Godello wines. In small amounts, fatty acid can con-
tribute to a balanced aroma in wine by hindering hydrolysis of
their esters (Flanzy, 2003).
Among acetates and the ethyl ester family, isoamyl or hexyl
acetate, and ethyl hexanoate or octanoate, were the major volatile
and esters, respectively in the wines. Most wine esters are pro-
duced by yeasts during alcoholic fermentation. Ethyl acetates of
fatty acids have very pleasant odours of wax and honey which con-
tribute to the aromatic ﬁnesse of white wines. Also, acetic esters of
higher alcohols contribute to the complex aroma of naturally neu-
tral wines, but may mask some varietal aromas (Ribéreau-Gayon
et al., 2006).
In addition to the previous major components, the wines con-
tained minor compounds including terpenes, volatile phenols,
aldehydes (0.11% each) and even C13-norisoprenoids—in trace
amounts, however. Terpenes and volatile phenols included six
compounds each, geraniol being the most abundant compound in
the former group and 4-vinylguaiacol that in the latter.
According to Guth (1997), only those compounds with OAV > 1
contribute individually to wine aroma. However, this aroma index
has some limitations; thus, as shown by Francis and Newton
Table 2
Nose descriptors for Godello wines. Mean intensity (%), standard deviation and deﬁnition of different descriptors.
Code Descriptor Mean (intensity%) SD Deﬁnition
N1 Odour intensity 47.8 10.8 Overall odour strength
N2 Odour ﬁneness 51.4 6.0 Degree of pleasant odour perception
N3 Apple 37.1 2.9 Green apple
N4 Melon 5.1 5.1 Fermented
N5 Apricot 18.3 11.9 Peach
N6 Floral 39.4 14.6 Rose
N7 Citrus 33.7 11.3 Lemon
N8 Herbaceous 39.4 3.1 Green wood, freshly mown grass
N9 Pineapple 12.6 5.9 Perfumed
N10 Tropical 10.3 1.6 Banana
N11 Toasted 6.3 2.4 Smoky, toast
N12 Pear 14.3 7.3 Ripe pears
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Table 3
Volatile composition of Godello wines (lg/l). Mean, standard deviation and OAV for different compounds.
Family/code Compound Mean SD Odour descriptor Odour threshold (lg/l) OAV
Terpenes
T1 (±)-Linalool 2.21 0.38 Flower,a muscat,a lavenderb 25j 0.09
T2 a-Terpineol 1.00 0.14 Oil,b anise,a mintb 250j 0.004
T3 (±)-b-Citronellol 7.20 0.76 Roseb 100k 0.07
T4 Nerol 6.83 1.39 Flower,c grassc 400l 0.02
T5 Geraniol 77.36 8.43 Rose,b geraniumb 30j 2.58
T6 trans,trans-Farnesol 26.01 4.84 Muguet (ﬂower)b 20m 1.30
Subtotal 120.62 3.88
% 0.11 3.1
Higher alcohols/C6-alcohols
H1 1-Butanol 186.98 34.38 Medicine,b fruitb 150,000n 0.001
H2 Isoamyl alcohol 70512.29 7725.97 Fuseld 30,000j 2.35
H3 1-Hexanol 1642.14 422.06 Grass,b Resin,b ﬂowerb 8000k 0.21
H4 trans-3-Hexen-1-ol 48.59 10.29 Grassc 1000c 0.05
H5 cis-3-Hexen-1-ol 28.46 5.18 Grassa 400j 0.07
H6 Benzyl alcohol 21.76 3.93 Flowerb 200,000a 0.0001
H7 1-Propanol 93.74 20.92 Alcoholb 9000o 0.01
H8 2-Phenylethanol 16951.20 4546.10 Rosea 14,000j 1.21
Subtotal 89485.15 3.56
% 82.68 2.9
Acetates
A1 Isoamyl acetate 486.69 98.42 Bananaa 30k 16.22
A2 Hexyl acetate 529.76 132.17 Cherry,e peare 1500p 0.35
A3 2-Phenylethyl acetate 216.55 53.46 Rose,d violetd 250k 0.87
Subtotal 1233.00 17.09
% 1.14 13.8
Ethyl esters
E1 Ethyl butyrate 136.42 67.67 Strawberrye 20k 7.95
E2 Ethyl hexanoate 569.47 30.31 Apple,c bananac 14j 40.68
E3 Ethyl octanoate 625.26 156.50 Pineapple,e peare 600c 1.04
E4 Ethyl 3-hydroxybutyrate 207.41 49.50 n.f. 20,000a 0.01
E5 Ethyl decanoate 273.65 47.96 Grapesb 200j 1.37
E6 Diethyl succinate 49.95 7.69 Wineb 200,000p 0.0002
Subtotal 1862.16 51.04
% 1.72 41.3
Volatile phenols
V1 4-Ethyl-phenol 2.54 0.49 Mustb 440k 0.01
V2 4-Vinylguaiacol 54.09 13.50 Clovef 40k 1.35
V3 Acetovanillone 18.01 1.19 Vanillaa 1000k 0.02
V4 Ethyl vanillate 2.97 0.18 Vanillad 990k 0.003
V5 Eugenol 1.78 0.12 Clove,c cinnamonc 6j 0.30
V6 Vanillin 2.41 0.45 Vanillaa 60a 0.04
Subtotal 81.80 1.35
% 0.08 1.1
Fatty acids
F1 Butyric acid 782.90 105.09 Butterlike,g cheesy,g stinky,g ﬂoralg 173j 4.53
F2 Isovaleric acid 622.45 182.04 Rancidh 33.4j 18.64
F3 Hexanoic acid 2823.36 489.33 Greenh 420j 6.72
F4 Octanoic acid 5746.37 1253.47 Candy,g caramelized,g perfumy,g fruity,g
peachy,g strawberryg
500j 11.49
F5 Decanoic acid 2252.64 354.88 Rancid,b fatb 1000j 2.25
Subtotal 12227.73 43.63
% 11.30 35.3
Lactones
L1 (R)-(-)-Pantolactone 184.93 26.88 Liquorice,c coconuti 2200c 0.08
Subtotal 184.93
% 0.17
Aldehydes
Al1 Benzaldehyde 138.18 35.66 Almond,b burnt sugarb 2000n 0.07
Subtotal 138.18
% 0.13
Sulphur compounds
O1 Methionol 2903.20 1334.08 Herbal,g vegetal,g grass,g
chemical,g sulphuryg
1000j 2.90
Subtotal 2903.20 2.90
% 2.68 2.3
Total
Total 108650.36 123.45
% 100 100
In bold, volatile components with near-unity or higher OAVs.
n.f. not found.
a Culleré, Escudero, Cacho, & Ferreira, 2004; orthonasal thresholds were calculated in a 10% water/ethanol mixture containing 5 g/l tartaric acid at pH 3.2.
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(2005), compounds with OAV < 1 may also contribute to wine
aroma through and additive effect of compounds with a similar
structure or odour, and compounds with OAV > 1 may be olfactorily
imperceptible. Ferreira and Cacho (2009) have described the
b Acree & Arn, 2004.
c Moyano, Zea, Moreno, & Medina, 2002; odour thresholds were determined in 14% ethanolic solution.
d Escudero et al., 2007.
e Li, Tao, Wang, & Zhang, 2008.
f Flanzy, 2003.
g Cliff, Yuksel, Girard, & King, 2002.
h Cacho, 2006.
i Zea, Moyano, Moreno, Cortes, & Medina, 2001.
j Ferreira, López, & Cacho, 2000; thresholds were determined in synthetic wine (11% v/v ethanol, 7 g/l glycerin, 5 g/l tartaric acid, pH adjusted to 3.4 with 1 M NaOH).
k Guth, 1997; thresholds were determined in water/ethanol (90 + 10, w/w).
l Darriet, 1996.
m Ohloff, 1978.
n Etiévant, 1991; thresholds were calculated in wine.
o Fazzalari, 1978.
p Culleré et al., 2004; thresholds were calculated in a 12% water/ethanol mixture.
Fig. 1. Two-dimensional PCA: scores plot for Godellowines (a) and loadings plot for 17 volatile components with near-unity or higher OAVs (b). T5: Geraniol; T6: trans,trans-
Farnesol; H2: Isoamyl alcohol; H8: 2-Phenylethanol; A1: Isoamyl acetate; A3: 2-Phenylethyl acetate; E1: Ethyl butyrate; E2: Ethyl hexanoate; E3: Ethyl octanoate; E5: Ethyl
decanoate; V2: 4-Vinylguaiacol; F1: Butyric acid; F2: Isovaleric acid; F3: Hexanoic acid; F4: Octanoic acid; F5: Decanoic acid; O1: Methionol.
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contribution of aroma compounds to the formation of different ar-
oma nuances of wine distinguishing between: impact or highly ac-
tive compounds; impact groups of compounds; subtle compounds
or families and compounds forming the base of wine aroma—
which include aroma enhancers and depressors. The problem is
that many wines contain no compounds with a clear-cut impact,
but rather compound families contributing to a given aroma
nuance.
Table 3 also shows the odour descriptors and OAVs for each
compound detected. Only 17 volatile compounds had near-unity
or signiﬁcantly higher OAVs; ﬁve conferred a fruity aroma, four a
ﬂoral aroma and eight one deemed ‘‘spicy’’ and including peculiar
or distinct nuances.
The highest OAVs were those of the ethyl esters (particularly
ethyl hexanoate, with OAV = 40.68). Fatty acids and acetates
followed, with specially high OAVs for isovaleric acid (18.64) and
isoamyl acetate (16.22).
Geraniol and trans,trans-farnesol were the only terpenes with
OAVs slightly higher than 1 (2.58 and 1.30, respectively). 4-Vinyl-
guaiacol, a volatile phenol, exhibited a near-unity OAV (1.35) and
the sulphur compound methionol one close to 3. On the other
hand, neither lactones nor aldehydes seemingly contribute individ-
ually to aroma in Godello wines—their OAVs were all lower than
0.08.
3.2. Principal Component Analysis (PCA) of sensory descriptors and
volatile compounds
PCA was used to identify the speciﬁc volatile compounds and
descriptors best discriminating among the ﬁve Godello wines
Fig. 2. Two-dimensional PCA: scores plot for Godello wines (a) and loadings plot for the 12 nose descriptors (b). N1: Odour intensity; N2: Odour ﬁneness; N3: Apple; N4:
Melon; N5: Apricot; N6: Floral; N7: Citrus; N8: Herbaceous; N9: Pineapple; N10: Tropical; N11: Toasted; N12: Pear.
M. González Álvarez et al. / Food Chemistry 129 (2011) 890–898 895
Author's personal copy
studied. PCA was initially applied to the concentrations of the 17
volatile compounds with a near-unity or higher OAV as determined
by GC–MS. Fig. 1a shows the scores scatter plot for the ﬁrst two
PCs, which jointly accounted for 99% of the total variance; the plot
afforded discrimination of the ﬁve samples. Fig. 1b is the corre-
sponding loadings plot used to establish the relative importance
of each volatile component in order to relate volatile compounds
to one another and with samples.
The Godellowines 1 and 4 were associated to PC1 and had small
or negative values of PC2. Nevertheless, wines 2 and 3, together
with 5 fell, respectively, at negative and positive values of PC2.
The major volatile compounds (Table 3) contributed to explain-
ing the variability in the data sets; thus, they seemingly inﬂuence
the complexity of the aroma proﬁle of Godello wines. Most of the
wines (1–3) were associated with 2-phenylethanol (H8) and octa-
noic acid (F4); on the other hand, sample 5 contained high relative
correlations mainly of isoamyl alcohol (H2) and methionol (O1).
The results for the 12 nose descriptors used in the sensory
analysis (Table 2) were analysed in a second PCA. Fig. 2 shows the
relationships between sensory aroma characters and the Godello
wine samples. The ﬁrst two principal components, PC1 and PC2,
accounted for 79% of the total variance (49% and 30%, respectively).
In this way, wines 2 and 5 that cluster at positive PC1 and negative
PC2 scores, thus contained high relative correlations mainly of
ﬂoral (N6), Mediterranean fruit notes (N5 or apricot, and N12 or
pear), and odour ﬁneness (N2). Wine 3 and 4 that cluster at nega-
tive and positive PC1 and positive PC2 scores contained high rela-
tive correlations of citrus (N7) and odour intensity (N1) attributes.
Finally, wine 1 that clusters at negative PC1 and PC2 contained
high relative correlations of melon nuances (N4).
3.3. Partial Least Squares (PLS) regression analysis between volatile
components and sensory descriptors
The relationship between sensory variables and volatile com-
pounds was established by PLS regression, a multivariate tech-
nique widely used to relate sensory and GC data sets (Cozzolino
et al., 2009; Noble & Ebeler, 2002; Saurina, 2010).
A PLS2 was initially used to correlate volatile compounds with
near-unity or higher OAVs as determined by GC–MS(ITD) and each
matrix of sensory data. Then, PLS1 was used to model relationships
between these volatile compounds and individual sensory attri-
bute data.
PLS2 modelling between the matrices of volatile compounds as
determined by GC–MS(ITD) and aroma descriptors provided a
two-factor model explaining 98% of the variance in X (volatile
compounds with near-unity or higher OAVs) and 51% of that in Y
(sensory descriptors) (Fig. 3). The ensuing model was evaluated
Fig. 3. Two-dimensional PLS2: scores plot for Godello wines (a), loadings plots of X-variables for the 17 volatile components with near-unity or higher OAVs (b) and of Y-
variables for the 12 nose descriptors (c), together with correlations between the loadings of X and Y variables (d). T5: Geraniol; T6: trans,trans-Farnesol; H2: Isoamyl alcohol;
H8: 2-Phenylethanol; A1: Isoamyl acetate; A3: 2-Phenylethyl acetate; E1: Ethyl butyrate; E2: Ethyl hexanoate; E3: Ethyl octanoate; E5: Ethyl decanoate; V2: 4-Vinylguaiacol;
F1: Butyric acid; F2: Isovaleric acid; F3: Hexanoic acid; F4: Octanoic acid; F5: Decanoic acid; O1: Methionol. N1: Odour intensity; N2: Odour ﬁneness; N3: Apple; N4: Melon;
N5: Apricot; N6: Floral; N7: Citrus; N8: Herbaceous; N9: Pineapple; N10: Tropical; N11: Toasted; N12: Pear.
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via the root mean square error for predictions (RMSEP), which was
calculated to be lower than 10 for sensory descriptors. The central
ellipsoid in Fig. 3 indicates that all compounds inside the circle
were poorly modelled and failed to explain variation in the sensory
data. Positive correlations (r > 0.700) of the ﬂoral descriptor (N6)
with ethyl hexanoate (E2) and isoamyl acetate (A1), and of the ripe
fruit descriptor (e.g. melon notes, N4) and caprylic acid (F4), were
found. Similarly, negative correlations (r < 0.700) between isova-
leric acid (F2) and odour intensity (N1), and—to some extent—also
of apricot (N5) with geraniol (T5) and ethyl decanoate (E5), were
observed.
Additional loading coefﬁcients for the volatiles were estimated
for some speciﬁc nose descriptors of the wines by applying PLS1 to
a single Y variable at time (Table 4). Connecting the individual sen-
sory descriptors to the seventeen volatile compounds in the wines
exposed a relationship of each sensory note with six volatile vari-
ables mainly (Table 4). This allowed the following four descriptor
categories to be established in terms of the relative weights of
some volatiles:
1. Apple (N3), melon (N4), tropical (N10) and toasted (N11) were
explained mainly by positive contributions of isovaleric and
octanoic acids (F2 and F4), but also isoamyl acetate (A1).
2. Apricot (N5), ﬂoral (N6) and pear (N12) were mainly explained
by positive contributions of isoamyl acetate (A1), together with
ethyl butyrate and hexanoate (E1 and E2), as well as by negative
contributions of isovaleric and octanoic acids (F2 and F4).
3. Citrus (N7) and herbaceous (N8) were described by negative
contributions of isovaleric and octanoic acids (F2 and F4).
4. Pineapple (N9) was positively explained by isoamyl acetate (A1)
and ethyl hexanoate (E2), and negatively explained by both iso-
valeric and octanoic acids (F2 and F4), together with methionol
(O1).
The loading weights (Table 4) obtained afford more useful con-
clusions, namely:
– Two compounds classiﬁed as potentially discriminating odou-
rants by PCA were also present in the models: methionol (O1)
and n-octanoic acid (F4).
– Seven of the ten nose descriptors (N3, N4, N10, N11, N5, N6 and
N12) were positively inﬂuenced by three volatiles as a result of
their high loading weights. The volatiles included an acetate
(isoamyl acetate, A1), an ester (ethyl hexanoate, E2) and an
organic acid (3-methylbutanoic acid, F2).
– Isovaleric acid (F2) and octanoic acid (F4) were the greatest neg-
ative contributors to the remaining nose descriptors: citrus
(N7), herbaceous (N8) and pineapple (N9).
– Similar results were obtained for ﬂoral (N6) and melon (N4)
descriptors by applying, PLS1 and PLS2: the intensity of the ﬂo-
ral note in Godellowine is directly correlated with the wine con-
tent in ethyl hexanoate (E2) and isoamyl acetate (A1), and so is
that of the melon note with the wine content in octanoic acid
(F4).
There were both positive and negative correlations and coefﬁ-
cients. This suggests that the perception of a given aromatic note
is inﬂuenced not only by the presence of a few components respon-
sible for the note concerned, but also by that of other odourants
with a negative impact on the perception the note (Aznar et al.,
2003). Although conﬁrming or rejecting the observed correlations
would require further sensory testing (Campo et al., 2005; Escudero,
Campo, Fariña, Cacho, & Ferreira, 2007), these theoretical aroma
models are by themselves useful with a view to supplementing
and improving the scant information currently available about
Godello wines.
4. Conclusions
Correlations between sets of sensory and chemical data as
established with the aid of multivariate statistical procedures were
used to improve our current understanding of the aroma of Godello
white wines.
Based on the results of the instrumental analysis, the com-
pounds most markedly contributing to ﬂavour in Godello wines
are those conferring a fruity (ethyl esters and acetates, accounting
55.1% of total OAV), spicy (fatty acids, 35.3%) or ﬂoral aroma (terp-
enes, 3.1%). Based on the sensory analysis, the descriptors with the
highest intensity percent are fruity and ﬂoral (ﬂoral, apple and cit-
rus), together with herbaceous notes.
PCA was used to identify the speciﬁc volatile compounds and
descriptors best discriminating among the ﬁve Godello wines stud-
ied, and PLS to detect positive and negative correlations between
sensory descriptors and volatile compounds.
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a b s t r a c t
Although the winemaking process could allow the dissipation of residues of fungicides applied under
critical agricultural practices (CAP), their residual levels could alter the biosynthesis of volatile com-
pounds. The purpose of this work is to look for changes in the aroma proﬁle of those wines in comparison
with wines treated under good agricultural practices (GAP). Four new fungicides (mandipropamid, vali-
fenalate, cyazofamid and famoxadone), used to control downy mildew (Plasmopara viticola), were applied
under CAP in an experimental vineyard producing white grapes (Vitis vinifera) of Godello var. Once grapes
were harvested, single viniﬁcations were performed. Possible modiﬁcations of sensorial properties of
wines were evaluated by a trained sensorial testing panel constituted of 7 experts. The fungicide residues
induced an increment of typical fermentative odours associated with esters in treated wines. The criti-
cally treated wine was moved to a sweeter balance with a ripe fruit taste, associated with higher viscosity
and greater cloudiness.
 2011 Elsevier Ltd. All rights reserved.
1. Introduction
The incidence of fungal diseases is one of the main reasons for
the economic losses registered in the viticulture sector. The most
common pesticides in viticulture are fungicides, used to control
grey mould (Botrytis cinerea), powdery mildew (Erisiphe necator,
formerly Uncinula necator) and downy mildew (Plasmopara vitico-
la), the usual fungal diseases in grapevines. To maintain efﬁciency
of fungicides and to avoid fungal resistances in viticulture prac-
tices, it is necessary to alternate (regularly) phytosanitary treat-
ments, either with different mechanisms of action or different
appropriate commercial products formulated with new active
substances (also known as fungicides of new generation), such as
benalaxyl, benalaxyl-M, boscalid, cyazofamid, famoxadone,
fenamidone, ﬂuquinconazole, iprovalicarb, metrafenone, proquin-
azid, pyraclostrobin, triﬂoxystrobin, valifenalate and zoxamide
(González-Rodríguez, Cancho-Grande, & Simal-Gándara, 2009a.
2009b, 2011).
Although the correct use of phytosanitary products and treat-
ments has no adverse effects for public or environmental health,
fungicide residues in grapes can pass through the wine-making
process and can remain in the ﬁnal product. Several studies have
focused on the connection between fungicide residues and stuck
and sluggish alcoholic and malolactic fermentations; these could
be explained by the negative effects of fungicide residues on the
growth of yeasts and lactic bacteria (Cˇuš & Raspor, 2008). In addi-
tion, these effects could alter the concentration of certain com-
pounds responsible for the sensorial quality of wine, such as
phenolic compounds (Dugo, Saitta, Giuffrida, Vilasi, & La Torre,
2004) and/or aroma compounds (García et al., 2004; González-
Rodríguez, Noguerol-Pato, González-Barreiro, Cancho-Grande, &
Simal-Gándara, 2011; Noguerol-Pato, González-Rodríguez, Gon-
zález-Barreiro, Cancho-Grande, & Simal-Gándara, 2011; Oliva, Nav-
arro, Barba, Navarro, & Salinas, 1999; Oliva, Zalacaín, Payá, Salinas,
& Barba, 2008).
The aim of this work was to ﬁnd whether the impact of new
fungicide residues on the biosynthesis of volatile compounds,
and therefore on the sensorial quality of the wine, has (or has
not) any signiﬁcant oenological relevance. To our knowledge, few
data have been published. A further aim of this work was to
provide new data about the effects on the quality of wines elabo-
rated with white grapes (Vitis vinifera Godello var., NW Spain)
when different phytosanitary treatments to control downy mildew
were applied, under critical agricultural practices. In this work,
proposed by Moskowitz (1983), sensory descriptive analysis has
been considered, to characterize the elaborated wines, because it
provides qualitative and quantitative measures of the sensory
attributes (colour, aroma, taste and feel in the mouth).
2. Materials and methods
2.1. Field trials
Field trials were carried out from April to September, 2009 in an
experimental vineyard located in Ribadavia (Galicia, N.W. Spain).
0308-8146/$ - see front matter  2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2011.07.018
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This vineyard produced the white grapes, Vitis vinifera Godello cv.
The vineyard plot had an area of approximately 2000 m2 and was
divided into twelve rows with 35–40 vines per row; vines were
spaced 1 m from each other within a row and 1.8 m between the
rows. Plants were 10 years old with a double cordon as a training
system.
Different commercial formulations and fungicide substances,
described in Table 1, were tested to control downy mildew, pow-
dery mildew and grey mould. Rows were previously divided into
four different randomised plots (A–D). Then, different phytosani-
tary treatments were carried out in each experimental plot (A–
D), as described in Table 2. Nine applications, corresponding to dif-
ferent phenological stages, were performed; all applications were
made using a M-83-E hand-gun sprayer (Sirfran, Alicante, Spain),
ensuring that bunches and leaves were well covered although dif-
ferent volumes were used during vineyard growth: 60 l ha1 for
1st application, 120 l ha1 for 2nd and 3rd application and
240 l ha1 for other applications.
To control downy mildew, Cabrio Top (55% metiram + 5%
pyraclostrobin) and Fobeci (35% folpet + 6% benalaxyl + 3.2%
cymoxanil) were initially applied in May. Later, different new
phytosanitary treatments were applied in each randomised plot.
Mandipropamid was directly applied as an active substance in
plot A. An experimental product named IR-5885, containing 6%
valifenalate + 60% mancozeb, was applied in plot B. Commercial
formulations corresponding to mandipropamid and valifenalate
are pending phytosanitary registration in Spain. Mildicut (2.5%
cyazofamid) and Equation Pro (22.5% famoxadone + 30% cymoxa-
nil) were applied in plots C and D, respectively. Last application
(18 September) in each randomised plot was performed 3 days
before harvest (21 September) under critical agricultural prac-
tices (CAP), this was without obeying the preharvest interval.
Rows 11 and 12 were left untreated in the last application (18
September), to be used as a control of good agricultural practices
(GAP) (plot E).
To control powdery mildew and grey mould, standards treat-
ments, under good agricultural practices (GAP), were performed.
Five applications to control powdery mildew were also applied
from 13 June to 18 July; the fungicide formulation Talendo
(20% proquinazid) was applied in A and D plots, while the for-
mulation Vivando (50% metrafenone) was applied in B and C
plots. Besides these products, two treatments against grey mould
were applied on all vines to control this disease: Cantus (50%
boscalid) on June 19 and Switch (37.5% cyprodinil + 25 ﬂudioxo-
nil) on July 18.
For each plot, grapes were harvested separately in September,
2009, and were transported to the cellar. All grape samples (at least
15 bunches selected at random for each treatment A–E) were pre-
viously analysed to determine the initial fungicide levels.
2.2. Wine samples
Single viniﬁcations (100 kg) were performed with each treated
grape (A–E); no repetition of viniﬁcations was carried out. The
winemaking process was identical for all viniﬁcation experiments
as follows: grapes were crushed and pressed to obtain the must
and 50 mg l1 of SO2 was added; the must was clariﬁed by settling
in individual metallic vessels at 10 C during 12 h, with the aid of
Enozym Altair pectolytic enzymes (Agrovin S.A., Ciudad Real,
Spain). The clariﬁed must was racked and commercial yeast was
added. The commercial dry yeast used was Fermol Iper R (Saccha-
romyces cerevisiae r.f. cerevisiae, strain PB 2870) from AEB Group
(Brescia, Italy). Alcoholic fermentation was conducted at tempera-
tures below 18 C for 14 days; temperature and density values
were measured in all containers every day, to control the fermen-
tation. At the end of the process, the wine was racked to separate it
from lees and SO2 was supplied (50 mg l1). After 14 days, the wine
was racked once more and clariﬁed with bentonite (80 g h l1).
Clariﬁed wine was ﬁltered by cellulose ﬁlters, SO2 was added (to
obtain a maximum concentration of 30 mg SO2 l1 wine) and it
was stabilised by the addition of metatartaric and ascorbic acids.
Finally, the wine was bottled.
Five wines (A–E) were bottled in December, 2009. The labora-
tory of Estación de Viticultura e Enoloxía de Galicia (EVEGA) deter-
mined (in all wines) the following quality parameters: pH (a),
alcoholic degree (b), total maximum real acidity (c) and total max-
imum sulphur (d). Composition of wines was as follows: wine A:
3.25 (a), 12.6% vol. (b), 5.0 g l1 (c), 62 mg l1 (d); wine B: 3.27
(a), 12.3% vol. (b), 4.9 g l1 (c), 66 mg l1 (d); wine C: 3.24 (a),
12.5% vol. (b), 5.1 g l1 (c), 77 mg l1 (d); wine D: 3.29 (a), 12.7%
vol. (b), 4.8 g l1 (c), 80 mg l1 (d); and wine E: 3.23 (a), 12.5%
vol. (b), 5.1 g l1 (c), 65 mg l1 (d).
2.3. Fungicides determination
Fungicide residues in harvested grapes and wines (A–E) were
determined in our laboratory following the experimental proce-
dure developed previously by González-Rodríguez et al. (2009a),
based on ethyl acetate/hexane extraction, followed by solid phase
extraction clean-up, and by chromatographic separation and
identiﬁcation.
In short, 15 ml ofwineweremeasured into a 40 ml glass vial. Eth-
anolwas previously evaporatedunder nitrogenﬂow (40 C, 30 min).
The sample without ethanol was transferred to a 50 ml polypropyl-
ene screw-capped centrifuge tube. A volume (15 ml) of ethyl ace-
tate:hexane (1:1, v/v) was added and the container was vigorously
homogenized in an ultrasound bath for 10 min. Sodium chloride
(1 g) and anhydrous sodium sulphate (5 g) were added, followed
by vortex-shaking for 2 min. After phase-partitioning (3 min,
Table 1
Commercial formulations used in the ﬁeld trials.
Commercial name Fungicide formulation Manufacturer Dosage applied Preharvest time in vines (days)
Downy mildew Cabrio Top metiram(55%)pyraclostrobin (5%) BASF Española, S.L. 333 g h l1 35
Fobeci benalaxyl(6%) cymoxanil(3.2%) folpet (35%) Sipcam Inagra, S.A. 375 g h l1 30
MPa,b mandipropamid 583 g h l1 n.a.
VL (IR-5885)a,b valifenalate(6%) mancozeb (60%) Isagro USA, Inc. 583 g h l1- n.a.
Mildicut cyazofamid (2.5%) Isk Biosciences Europe, S.A. 1042 ml h l1 21
Equation Pro famoxadone(22.5%) cymoxanil(30%) Du Pont Ibérica, S.L. 125 g h l1 28
Powdery mildew Talendo proquinazid(20%) Du Pont Ibérica, S.L. 33 ml h l1 28
Vivando metrafenone(50%) BASF Española, S.L. 25 ml h l1 28
Grey mould Cantus boscalid(50%) BASF Española, S.L. 125 g h l1 28
Switch cyprodinil(37.5%) ﬂudioxonil (25%) Syngenta Agro, S.A. 125 g h l1 7
a Product pending phytosanitary registration in Spain.
b MP and V: assumed names for easy identiﬁcation. n.a. not available.
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4000 rpm) in a centrifuge, an aliquot of 12 ml of the organic layer
was transferred to a 40 ml glass vial and evaporated to dryness
under a streamof nitrogen and the residuewas redissolved in aceto-
nitrile (3 ml). For clean-up, a multi-layer Envi Carb-II/PSA SPE car-
tridge was conditioned with 5 ml of acetonitrile:toluene (3:1, v/v).
Acetonitrile extract was loaded and the retained fungicide was
elutedweakly, in a 40 ml glass vial, with a volume of 20 ml of aceto-
nitrile:toluene (3:1, v/v). The eluate was evaporated to dryness un-
der a stream of nitrogen and made to a ﬁnal volume of 0.5 ml with
acetone containing the three analyteprotectants (3-ethoxy-1,2-pro-
panediol at 10 g l1; and D-glucitol and L-gulonic acid c-lactone at
1 g l1, respectively). Finally, a volume of 0.285 ml of the ﬁnal
acetone extract was mixed with 0.015 ml of the working TPP (IS)
solution (10 mg l1) andplacedvia 350 ll glass insert into a 2 mlvial
prior to chromatographic analysis.
Gas chromatographic (GC) analyses were carried out on a Trace
GC Thermo Finnigan gas chromatograph (Rodano, Italy) equipped
with a PolarisQ ion trap mass selective detector (ITMS), interfaced
to a PC computer running the software Xcalibur 1.4, from Thermo
Electron Corporation (Italy). Chromatographic separations were
done by using a SPB-5 fused-silica capillary column (30 m 
0.25 mm ID, 0.25 lm ﬁlm thickness) from Supelco. A PTV
(programmed temperature vapourization) injector operating in
solvent-split mode was employed. The volume injected was 2 ll,
split ﬂow (50 ml/min, splitless time: 1.5 min, injection ﬂow:
50 ml/min). The temperature programming of the PTV was: 80 C
(0.1 min), 720 C/min to 100 C (0.1 min), 402 C/min to 275 C
(1.5 min), 402 C/min to 300 C (5 min). After each injection, the
syringe was washed with acetone and followed by methanol.
Helium (99.999% purity) was used as the carrier gas at a ﬂow of
1 ml/min. The oven temperature programme was as follows:
60 C (2 min), 10 C/min to 150 C (2 min), 20 C/min to 210 C
(5 min), 2 C/min to 220 C (5 min), 10 C/min to 310 C (5 min).
The transfer line temperature was 270 C, and the ion trap mani-
fold temperature was 250 C. The ion energy for electron impact
(EI) was always 70 eV. Initially, a mass range of 50–650 was
scanned to conﬁrm the retention times of analytes. For determina-
tion of the fungicide residues, selected ion monitoring (SIM) mode
was performed.
2.4. Sensory analysis
To create an adequate environment of maximum concentration
for wine tasters in identiﬁcation of descriptors, the sensory
analysis was performed in a professional room, according to the
International Organization for Standardization (ISO) 8589 (1988).
This room, located in the Consello Regulador of the Denomination
of Origin Valdeorras, is composed of 12 independent tasting booths
and has the usual conditions for sensory evaluation of wine.
Wines (A–E) were analysed for sensorial quality (colour, aroma,
taste and feel in the mouth), using the 24 descriptors described in
Table 3. The aroma (8) and taste (10) attributes were selected from
a previous study that evaluated 20 Godello wines using sensory
descriptive analysis (Vilanova, 2006); visual attributes (6) are com-
monly used in white wine tasting. Seven trained panellists from
Valdeorras appellation, all wine experienced tasters, were selected,
since they participate weekly in the sensory analysis of Valdeorras
wines.
A constant volume of 30 ml of each wine was evaluated in
wine-taster glasses at 12 C, as described by ISO 3591 (1977). Wine
tasters smelled and tested the different wines and indicated if the
different descriptors were perceived and the intensity of each sen-
sorial attribute was rated on a ﬁve-point scale, where: 0 indicated
that the descriptor was not perceived, 1 = very low, 2 = low,
Table 2
Control strategies carried out during 2009 to control downy mildew (Plasmopara viticola), powdery mildew (Erisiphe necator) and grey mould (Botrytis cinerea) in the vineyard
plots.
Application Date Phytosanitary treatments Plots
Downy mildew Powdery mildew Grey mould
1 2 May Cabrio Top – – A–D
2 12 May Cabrio Top – – A–D
3 29 May Fobeci – – A–D
4 13 June MP Talendo – A
VL Vivando – B
Mildicut Vivando – C
Equation Pro Talendo – D
5 19 June MP Talendo Cantus A
VL Vivando Cantus B
Mildicut Vivando Cantus C
Equation Pro Talendo Cantus D
6 24 June MP Talendo – A
VL Vivando – B
Mildicut Vivando – C
Equation Pro Talendo – D
7 4 July MP Talendo – A
VL Vivando – B
Mildicut Vivando – C
Equation Pro Talendo – D
8 18 July MP Talendo Switch A
VL Vivando Switch B
Mildicut Vivando Switch C
Equation Pro Talendo Switch D
9 18 September MP – – A
VL – – B
Mildicut – – C
Equation Pro – – D
– – – E
21 September HARVEST
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3 = middle, 4 = high, and 5 = very high intensity. The descriptors
were classiﬁed for each wine, by using the comparison of the rela-
tive intensity of each descriptor (intensity given by a panel taster
for a descriptor over the maximum possible intensity for this
descriptor, expressed as a percentage).
2.5. Statistical treatment
To analyze the signiﬁcant differences between GAP wines (E)
and CAP wines (A, B, C and D), one-way Anova (at 95.0% conﬁdence
level) was performed with the statistical software package Stat-
graphics Plus 5.1 version (Manugistics, Rockville, MD, USA). A Fish-
er’s least signiﬁcant difference (LSD) test, at 95% conﬁdence level,
was then used to detect small differences between group means;
with this method, there is a 5.0% risk of calling each pair of means
signiﬁcantly different when the actual difference equals 0.
The ﬁtting of a multiple linear regression model to describe the
relationship between quality and the rest of 23 sensorial indepen-
dent variables was also performed. The stepwise forward selection
with F-to-enter = 4 was used to reduce to only a few the variables
in the model.
Signiﬁcant canonical correlations between the variables of
every pair of data sets (nose vs. mouth, nose vs. sight, mouth vs.
sight) were also obtained at the 95% conﬁdence level. This proce-
dure ﬁnds the linear combinations of two sets of variables which
have the highest correlation between them. The variables have ﬁrst
been standardized by subtracting their means and dividing by their
standard deviations.
Cluster analysis was used to create a dendrogram from the 24
variables supplied. The clusters are groups of variables with similar
characteristics. The clustering method selected was that by Ward,
which minimizes distances within a cluster and maximizes dis-
tances amongst different clusters. The procedure began with each
variable in a separate group; and then combined the two variables
which were closest together to form a new group. After recomput-
ing the Euclidean distance between the groups, the two groups
then closest together were combined. This process was repeated
until only 1 group remained at the end.
A stepwise discriminant algorithm with F-to-enter = 1 was also
used to determine which variables were signiﬁcant predictors of
two groups of samples, those treated with fungicides under CAP
conditions (A, B, C and D) and those under GAP conditions (E).
The one discriminating function should be statistically signiﬁcant
at the 95% conﬁdence level, while allowing for the best separation
between groups.
3. Results and discussion
3.1. Fungicide residues
The data relating to fungicide residues in harvested grapes are
given in Table 4. With regard to the control of downymildew, com-
mercial formulations Cabrio Top (55% metiram + 5% pyraclostrob-
in) and Fobeci (35% folpet + 6% benalaxyl + 3.2% cymoxanil) were
applied in May, as can be seen in Table 2. Residues of benalaxyl,
cymoxanil, folpet and pyraclostrobin were not detected in har-
vested grapes, except in samples from plot D, where later treat-
ments with commercial formulation Equation Pro (22.5%
famoxadone + 30% cymoxanil) were applied; metiram was not
determined by GC-ITMS. From June to September, differential phy-
tosanitary treatments to control downy mildew were applied (see
Table 2) in plots A–D. Last applications were made 3 days before
harvest without respect the preharvest intervals (PHIs). For the
new fungicide mandipropamid (MP, applied in plot A), residual
concentration (0.97 mg kg1) was lower than its corresponding
European maximum residue level (EU MRL) established in wine
grapes (2 mg kg1). However, in the other plots (B–D), the fungi-
cide residues were above their EU MRLs. In plot B, where the
experimental product IR-5885 (6% valifenalate + 60% mancozeb)
was applied, the valifenalate (VL) level was 1.4 mg kg1, higher
than its EU MRL (0.2 mg kg1); mancozeb, as metiram, was not
determined by GC-ITMS. In plot C, where Mildicut (2.5% cyazof-
amid) was used, the residues of cyazofamid (0.72 mg kg1) were
slightly higher than its MRL in wine grapes (0.5 mg kg1). With
respect to the application of Equation Pro (22.5% famoxa-
done + 30% cymoxanil) in plot D, the residual concentrations of
cymoxanil (1.0 mg kg1) and famoxadone (2.1 mg kg1) were
above and close, respectively, to their EU MRL (0.2 and 2 mg kg1).
With regard to the control of powdery mildew, treatments with
Talendo (20% proquinazid; plots A and D) and Vivando (50% met-
rafenone; plots B and C) were applied, respecting the PHI of each
product. Last application was administered 2 months before the
harvest date. Proquinazid residues ranged from 0.093 mg kg1
(plot D) to 0.13 mg kg1 (plot A), and metrafenone ranged from
0.041 mg kg1 (plot B) to 0.087 mg kg1 (plot C); in both cases,
these residual concentrations were below the EU MRL (0.5 mg kg1
for each compound).
With regard to the control of grey mould, Cantus (50% boscalid)
and Switch (37.5% cyprodinil + 25 ﬂudioxonil) were the commer-
cial formulations used in plots A–D in June and July, respectively,
respecting the PHIs of each product (28 and 7 days, respectively).
Boscalid residues ranged from 0.78 mg kg1 (plot C) to 1.2 mg kg1
(plot A), lower than its EU LMR (5 mg kg1), using a dose of 125 g
Cantus h l1 (or 300 g Cantus ha1) and around 90 days after
treatment.
To study the dissipation of fungicide residual levels during the
winemaking process, samples of ﬁltered wines were taken. It is
necessary to emphasize that the alcoholic fermentation course in
all experiments (A–E) was evaluated by following the evolution
of must density and it can be concluded that all fermentations
had a regular course (10–15 days); this fact indicates that the
Table 3
List of descriptors previously described by Vilanova (2006) and adopted in this work.
Sense Descriptor Deﬁnitions
Sight Limpidness Visual cloudiness
Colour
intensity
Intensity of colour, from pale to dark
Colour shade Shade of the colour, from orange to purple
Nose Odour
intensity
Global intensity of the odour
Odour ﬁneness Degree of pleasant odour perception
Apple Green apples
Melon Fermented
Apricot Peach
Floral Rose
Citrus Lemon
Herbaceous Green Wood, freshly mown grass
Pineapple Perfumed
Tropical Banana
Toasted Smoky, toast
Pear Ripe pears
Mouth Flavour
intensity
Intensity of ﬂavour, from soft to thick
Acidity Intensity of sour taste
Bitterness Intensity of bitter taste
Persistence The time that aromas persist in the mouth after
spit out
Dryness Intensity of dry taste
Silkiness Intensity of smooth taste
Viscosity Intensity of viscose feeling
Fruity Intensity of fruit taste
Global Quality Perceived overall quality
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initial fungicide levels in the crushed grapes do not inhibit yeast
metabolism under the same winemaking process. Residual concen-
trations of boscalid, cyazofamid, cymoxanil, cyprodinil, famoxa-
done, ﬂudioxonil, mandipropamid, metrafenone, proquinazid and
valifenalate in the ﬁnal wines are also given in Table 4. Concentra-
tions in ﬁltered white wines (Table 4) were 0.069–0.16 mg l1 for
boscalid, 0.0019 mg l1 for cyazofamid, 0.0021–0.0042 for cyprod-
inil, 0.0076–0.017 mg l1 for ﬂudioxonil, 0.031 mg l1 for mandi-
propamid and 0.95 mg l1 for valifenalate. As a conclusion, the
white winemaking process allowed the high dissipation (from
90% to 99%) of residues of all fungicides detected initially in grapes
except for valifenalate (only 32%).
3.2. Sensorial properties of white and red wines
There are clear differences amongst the sensorial descriptors of
white and red wines, regarding the sense categories:
– Colour: red wines show purple colours with high intensity and
cloudy aspects, whereas white wines are characterized by
smooth colours and colour limpidness.
– Odour: in general, red wines are dominated by red fruit, sweet,
balsamic and spicy notes, whereas white wines are dominated
by peach/apricot, ﬂoral, apple and citrus aromas.
– Taste: red wines have more body balance and viscosity, while
white wines have more acid, bitter and dry taste.
3.3. Detection of sensorial attribute intensities signiﬁcantly different
among the wines
Table 5 shows the means of relative intensities for the 24
descriptors obtained from different Godello wines, together with
a summary of the analysis of variance (ANOVA) for each attribute
for each of the treatment effects and a Fisher’s least signiﬁcant dif-
ference (LSD) test at 95% between treatments. According to the
LSD, six sensory attributes were signiﬁcantly different among the
wines from different treatments with fungicides (A, B, C and D)
and the control wine E:
1. Odour intensity, apricot and ﬂoral odours, together with ﬂavour
intensity are lower in wine A vs. E.
2. Wine B gave similar results to wine E; only apricot and ﬂoral
odours were slightly lower for wine B.
3. Wines C and D showed similar differences with regards to wine
E: a higher colour and odour intensity, with a lower apricot and
ﬂoral odour. The main difference between wines C and D is that
C acidity is higher than D acidity, and in between is E acidity.
3.4. Detection of the main sensorial attributes affecting overall wine
quality
A ﬁtting of a multiple linear regression model to describe the
relationship between overall quality and the remaining 23 senso-
Table 4
Residual concentrations of fungicides found in initial crushed grapes and ﬁnal ﬁltered wines.
Treatments Samplings
Crushed grapes(mg kg1)a Filtered wines(mg l1)a % Reduction
A
Downy mildew Mandipropamid 0.97 ± 0.0058 0.031 ± 0.00061 97
Powdery mildew Proquinazid 0.13 ± 0.019 <LOD >99
Grey mould Boscalid 1.2 ± 0.030 0.095 ± 0.0027 92
Cyprodinil 0.46 ± 0.036 0.0021 ± 0.00030 99
Fludioxonil 0.41 ± 0.0017 0.0094 ± 0.00039 98
B
Downy mildew Valifenalate 1.4 ± 0.11 0.95 ± 0.030 32
Powdery mildew Metrafenone 0.041 ± 0.0047 <LOD >98
Grey mould Boscalid 0.99 ± 0.0085 0.084 ± 0.0019 92
Cyprodinil 0.39 ± 0.021 0.0023 ± 0.000073 99
Fludioxonil 0.34 ± 0.0027 0.0080 ± 0.00029 98
C
Downy mildew Cyazofamid 0.72 ± 0.00092 0.0019 ± 0.00057 99
Powdery mildew Metrafenone 0.087 ± 0.0050 <LOD >99
Grey mould Boscalid 0.78 ± 0.022 0.069 ± 0.0017 91
Cyprodinil 0.73 ± 0.051 0.0042 ± 0.00092 99
Fludioxonil 0.50 ± 0.048 0.0076 ± 0.00044 98
D
Downy mildew Cymoxanil 1.0 ± 0.049 <LOD >99
Famoxadone 2.1 ± 0.18 <LOD >99
Powdery mildew Proquinazid 0.093 ± 0.0024 <LOD >99
Grey mould Boscalid 1.2 ± 0.0074 0.16 ± 0.00061 87
Cyprodinil 0.58 ± 0.081 0.0036 ± 0.00011 99
Fludioxonil 0.37 ± 0.0090 0.017 ± 0.00092 95
E
Downy mildew Famoxadone 0.95 ± 0.0051 <LOD >99
Powdery mildew Proquinazid 0.12 ± 0.0015 <LOD >99
Grey mould Boscalid 1.2 ± 0.015 0.11 ± 0.0024 91
Cyprodinil 0.51 ± 0.043 0.0034 ± 0.0000057 99
Fludioxonil 0.26 ± 0.016 0.010 ± 0.00041 96
Phytosanitary treatments for wine samples A–E are described in Table 2.
In bold: concentrations of active substance applied under critical agricultural practices that are close to or overcome their EU MRLs established for wine grapes (2.0 mg kg1
for mandipropamid; 0.2 mg kg1 for valifenate; 0.2 mg kg1 for cymoxanil and 2.0 mg kg1 for famoxadone).
a Average ± SD (n = 2).
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rial independent variables was also performed by stepwise forward
selection to reduce (to only a few) the variables in the model. The
adjusted R-squared statistic, which is more suitable for comparing
models with different numbers of independent variables, was
94.15% for the following model:
Quality ¼ 0:312Odour fineness 0:409Toastedþ 0:445Acidity
Within the normal ranks of these variables for Godello wines, a
higher odour ﬁneness and acidity contribute to a high quality,
whereas a higher toasted odour intensity contributes to a lower
overall quality.
3.5. Detection of correlations amongst the descriptors for different
senses
Signiﬁcant canonical correlations at the 95% conﬁdence level
were found between linear combinations of nose and mouth vari-
ables, and of nose and sight variables, but none between linear
combinations of mouth and sight variables. Table 6 shows the lin-
ear combinations of variable sets for which the highest canonical
correlations were found. For purposes of simpliﬁcation in the inter-
pretation, only coefﬁcients higher than 0.5 in the linear combina-
tions were considered. In this way, it seems that a bitter taste,
together with a high viscosity and a low dryness in the mouth, is
correlated with a low odour ﬁneness and an high apricot odour
(Table 6a). Instead, sight limpidness and a low colour intensity is
correlated with high levels of melon odour and low levels of herba-
ceous and pear odours (Table 6b).
3.6. Detection of groups of highly correlated sensorial attributes
Cluster analysis was used to detect groups of positively corre-
lated variables within the total of 35. Three big groups were de-
tected (Fig. 1):
1. On the right, viscosity appears closely related to most of the
tropical and Mediterranean fruit odours, which are rather sweet
and quite peculiar.
2. In the middle, bitterness is associated with apple odour,
whereas odour intensity, persistent ﬂavour and colour shade
are associated with citrus and herbaceous odours.
3. On the left, overall quality is positively correlated with dryness,
silkness and ﬂavour intensity, with acid and fruity tastes,
although colour intensity and limpidness, together with odour
ﬁneness and a ﬂoral odour, also play an important role on over-
all quality.
3.7. Detection of the main sensorial attributes separating CAP and GAP
fungicide wines
A discriminate analysis, based on a stepwise selection algorithm
with F-to-enter = 1, was also used to determine which variables
were signiﬁcant predictors of two groups of samples, those treated
under CAP fungicides against downy mildew and those treated un-
der GAP. The ﬁrst standardized discriminating function (SDF1),
with p-value less than 0.05, is statistically signiﬁcant at the 95%
conﬁdence level and is only using 10 variables:
SDF1 ¼ 0:752Colour shadeþ 0:628Odour intensity
 0:484Odour fineness 0:720 Apricot odour
 0:927Floral odour 0:417Herbaceous odour
þ 0:516Tropical odour 0:693Bitterness
 0:706Dryness 0:375Quality
Among the 35 observations used to ﬁt the model (7 tasters  5
wines), 34 or 97% were correctly classiﬁed: 27/28 in group 1
(96%) and 7/7 in group 2 (100%). From the relative magnitude of
the coefﬁcients in the above equation, together with the classiﬁca-
tion functions obtained for each group (Table 7), it is possible to
determine how the independent variables are being used to
Table 5
Means of relative intensities for the descriptors obtained, together with a summary of the one-way analysis of variance one-way ANOVA) and a Fisher’s least signiﬁcant difference
(LSD) test at 95% between treatment groups.
Attributes Relative intensity % (mean; n = 7) ANOVA
A B C D E F-ratio p-value
Limpidness 82.1 82.1 82.1 85.7 83.3 0.11 0.978
Colour intensity 67.9a 70.8a 75.0a,b 85.7b 65.0a 3.05 0.032
Colour shade 41.4 47.1 44.3 25.7 35.7 0.51 0.726
Odour intensity 32.1a 50.0a,b 54.2b 60.0b 42.9a,b 2.06 0.111
Odour ﬁneness 42.9 57.1 50.0 50.0 57.1 0.46 0.767
Apple 40.0 34.3 37.1 34.3 40.0 0.08 0.988
Melon 11.4 8.6 0.0 0.0 5.7 1.55 0.214
Apricot 5.7a 17.1a,b 20.0a,b 11.4a,b 37.1b 1.26 0.307
Floral 22.9a 45.7a,b 25.7a 45.7a,b 57.1b 2.95 0.036
Citrus 20.0 25.7 48.6 40.0 34.3 1.23 0.318
Herbaceous 34.3 40.1 42.9 40.0 40.0 0.07 0.990
Pineapple 17.1 5.7 8.6 20.0 11.4 0.49 0.744
Tropical 11.4 8.6 8.6 11.4 11.4 0.04 0.997
Toasted 8.6 5.7 2.9 8.6 5.7 0.23 0.920
Pear 8.6 25.7 8.6 11.4 17.1 0.61 0.656
Flavour intensity 45.7a 51.4a,b 60.0b,c 65.7c 54.3a,b,c 2.61 0.055
Acidity 62.9a,b 60.0a,b 68.6b 57.1a 62.9a,b 1.50 0.227
Bitterness 54.3 40.0 48.6 45.7 57.1 0.89 0.482
Persistence 48.6 57.1 62.9 57.1 57.1 0.80 0.535
Dryness 45.7 40.0 48.6 34.3 48.6 0.67 0.621
Silkiness 31.4 45.7 45.7 48.6 45.7 1.12 0.363
Viscosity 25.7 40.0 40.0 28.6 37.1 1.18 0.340
Fruity 40.0 42.9 54.3 57.1 54.3 1.52 0.221
Quality 33.3 42.8 47.6 38.1 44.4 1.24 0.316
Phytosanitary treatments for wine samples A–E are described in Table 2.
In bold: Fisher’s Least Signiﬁcant Difference (LSD) at 95% between groups. With this method, there is a 5.0% risk of calling each pair of means signiﬁcantly different when the
actual difference equals 0. a,b,c: values with the same letter means wines with no signiﬁcant differences.
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discriminate amongst both groups. High inputs of 3 variables (col-
our shade, odour intensity and tropical odour) contribute to classify
the samples in group 1 (those treated with fungicides against
downy mildew under CAP), whereas high inputs in the remaining
7 variables contribute to classify the samples in group 2 (those trea-
ted with fungicides against downy mildew under GAP).
3.8. Changes in the sensorial properties of Godello white wines with
fungicides residues
Summarizing the results of the sensorial tests used with the
wine samples, our main ﬁndings were:
1. Fisher’s LSD: in GAP wines there is a clear predominance of ﬂo-
ral varietal odours with a distinct note at apricot odours.
2. Stepwise multiple linear regression: overall quality in these
wines is clearly related to the equilibration of odours (the so-
called odour ﬁneness) and the appreciated acidity in these
young wines.
3. Canonical correlations: odour ﬁneness is negatively correlated
with a bitter taste, whereas limpidness is positively associated
with melon notes within the Mediterranean fruit odours.
4. Cluster analysis: viscosity, which is characteristic of a full-bod-
ied wine, is associated with Tropical and Mediterranean fruit
odours, typical fermentative odours associated with esters.
Instead, odour intensity and persistent ﬂavours were associated
with citrus and herbaceous odours (alcohol- and aldehydes-
like, according to González Álvarez, González-Barreiro, Can-
cho-Grande, and Simal-Gándara, 2011), whereas bitterness
was associated with green apple odours (C6 alcohol-like,
Table 6
Highest and signiﬁcant (p < 0.05) canonical correlations between the linear combinations of two sets of variables: (a) nose vs. mouth, and (b) nose vs. sight.
Highest canonical correlations between nose & mouth variables
Linear combination of nose variables Linear combination of mouth variables
Nose variables Coefﬁcients Mouth variables Coefﬁcients
(a)
Odour intensity 0.268 Flavour intensity 0.156
Odour ﬁneness 0.751 Acidity 0.340
Apple 0.223 Bitterness 0.941
Melon 0.410 Persitent 0.240
Apricot 0.648 Dryness 0.773
Floral 0.277 Silkiness 0.079
Citrus 0.402 Viscosity 0.604
Herbaceous 0.231 Fruity 0.009
Pineapple 0.452
Tropical 0.118
Toasted 0.298
Pear 0.128
Canonical correlation: 0.932 (p = 0.003)
(b)
Highest canonical correlations between nose & sight variables
Linear combination of nose variables Linear combination of sight variables
Nose variables Coefﬁcients Sight variables Coefﬁcients
Odour intensity 0.240 Limpidness 1.069
Odour ﬁneness 0.389 Colour intensity 0.549
Apple 0.275 Colour shade 0.010
Melon 0.613
Apricot 0.403
Floral 0.234
Citrus 0.269
Herbaceous 0.610
Pineapple 0.114
Tropical 0.280
Toasted 0.495
Pear 0.587
Canonical correlation: 0.811 (p = 0.023)
In bold: coefﬁcients higher than |0.5|.
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Fig. 1. Cluster analysis of the 24 sensorial variables.
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according to González-Álvarez et al., 2011). In general, overall
quality was associated with dryness (the opposite to sweet),
smooth, acid and fruity tastes, and also ﬂavour intensity.
5. Stepwise discriminant analysis: the quality of the GAP wines
was described as the equilibration of odours (odour ﬁneness)
with ﬂoral varietal and herbaceous pre-fermentative notes,
together with apricot fermentative notes, and with a bitter
and dry taste.
6. In conclusion, it seems that high residue levels in CAP wines (A–
D) with respect to GAP wines (E) give rise to higher colour
shades, higher tropical odour notes, and higher sweet tastes.
4. Conclusions
The new commercial formulations selected to control downy
mildew applied under critical agricultural practices (CAP), gener-
ated fungicide residual levels close to or higher than MRLs.
Although the white winemaking process allowed the dissipation
of residues of all fungicides detected in grapes, these higher resi-
dues slightly affect the sensorial descriptors of Godello white
wines. Fungicide residues might induce some modiﬁcations of
yeast metabolism due to an increment of typical fermentative
odours associated with esters in CAP wines (A–D) with respect to
the GAP wine (E); as a consequence, the fruity note was promoted
in the aroma. The CAP wines were moved to a sweeter balance
with a ripe fruit taste, associated with higher viscosity and also
higher cloudiness.
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Classiﬁcation functions used to predict which level of Group new observations belong
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Attributes Classiﬁcation function coefﬁcients
Group 1(n = 28) Group 2(n = 7)
Colour shade 0.103 0.034
Odour intensity 0.027 0.114
Odour ﬁneness 0.197 0.259
Apricot 0.063 0.014
Floral 0.220 0.334
Herbaceous 0.198 0.239
Tropical 0.077 0.155
Bitterness 0.538 0.646
Dryness 0.144 0.248
Quality 0.241 0.321
CONSTANT 34.8 50.4
Groups: Those treated with fungicides against downy mildew under CAP (group 1)
and under GAP (group 2).
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Impact of phytosanitary treatments with fungicides (cyazofamid, famoxadone,
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a b s t r a c t
Cyazofamid, famoxadone, mandipropamid and valifenalate, four new fungicides for controlling downy
mildew in vine, were applied to an experimental vineyard producing Vitis vinifera white grapes of the
Godello variety. Following harvest, the grapes were subjected to single viniﬁcation runs. The odour activ-
ity values (OAVs) for the Godello white wines obtained were estimated with a view to assessing potential
alterations of their aroma composition by effect of the phytosanitary treatments. Several fatty acids, their
esters and acetates were formed during the winemaking process in high levels and could be expected to
strongly inﬂuence the aroma of the wines by introducing ﬂoral, fruity and spicy nuances. The concentra-
tions of six compounds (2-phenylethyl acetate, ethyl butanoate, ethyl octanoate, 4-vinylguaiacol, 3-
methylbutanoic acid and methionol) were found to sufﬁce with a view to discriminating between wines
from grapes treated with fungicides under Critical Agricultural Practices (CAP) and under Good Agricul-
tural Practices (GAP).
 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Grey mould (Botrytis cinerea), powdery mildew (Erisiphe neca-
tor, formerly Uncinula necator) and downymildew (Plasmopara viti-
cola) are the individual fungi most commonly encountered during
phytosanitary control of vineyards. All require the use of effective
fungicides. In order to preserve the efﬁciency of fungicides and
avoid fungal resistance in viticultural practices, farmers are ad-
vised to alternate phytosanitary treatments based on different
mechanisms of action or different commercial products formulated
with new active substances (also known as new-generation fungi-
cides) such as benalaxyl, benalaxyl-M, boscalid, cyazofamid,
famoxadone, fenamidone, ﬂuquinconazole, iprovalicarb, mandi-
propamide, metrafenone, proquinazid, pyraclostrobin, triﬂoxyst-
robin, valifenalate or zoxamide on a regular basis (González-
Rodríguez, Cancho-Grande, & Simal-Gándara, 2009; González-Rod-
ríguez, Cancho-Grande, & Simal-Gándara, 2011a).
Although properly used phytosanitary products and treatments
need have no adverse effects on public or environmental health,
fungicide residues remaining on grapes after harvest may be trans-
ferred to must and wine during the winemaking process. Fungicide
effects can lead to modiﬁcations in the structure of the cellular
membranes of the yeast and affect their speciﬁc function. One
out-come may be a progressive fall in the viability of the popula-
tion of yeasts and a slowing down of the fermentation, which in ex-
treme cases, could lead to a total stoppage of the process. For this
reason, a great number of studies were focused on the presence of
fungicide residues in fermentative processes of wine (Cabras &
Angioni, 2000; Cabras et al., 1994; Cabras et al., 1999; Calhelha,
Andrade, Ferreira, & Estevinho, 2006; Oliva et al., 2007; Ruediger,
Pardon, Sas, Godden, & Pollnitz, 2005; Cˇuš & Raspor, 2008). In fact,
new phytosanitary products used to control fungal diseases should
be completely inactive against fermentative microﬂora. To our
knowledge, few data have been published about the inﬂuence of
new fungicide substances, recently and widely used in vineyards,
on the behaviour of alcoholic and malolactic fermentation. In addi-
tion, these substances may alter the concentration of some sub-
stances responsible for the sensory quality of wine such as
phenolic (Dugo, Saitta, Giuffrida, Vilasi, & La Torre, 2004) and/or ar-
oma compounds (García et al., 2004; Noguerol-Pato, González-
Rodríguez, González-Barreiro, Cancho-Grande, & Simal-Gándara,
2011; Oliva, Navarro, Barba, Navarro, & Salinas, 1999; Oliva, Zal-
acaín, Payá, Salinas, & Barba, 2008).
The potential impact of residues of new-generation fungicides
on the biosynthesis of volatile compounds, and hence on wine
sensory quality, has recently become a matter of substantial
oenological concern. In this work, the effect of the residues of
new fungicides on the aroma composition of Godello wine, a
monovarietal young white wine produced mainly in the Valdeor-
ras and Ribeiro designations of origin was examined (Galicia,
NW Spain).
0308-8146/$ - see front matter  2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2011.09.053
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2. Materials and methods
2.1. Field trials
Field trials were carried out from April to September 2009 in an
experimental vineyard located in Ribadavia (Galicia, NW Spain).
This vineyard produces Vitis vinifera Godello var. white grapes.
The vineyard plot was approximately 2000 m2 in size and con-
tained twelve rows with 35–40 vines each; vines were spaced
1 m from each other within a row and 1.8 m between rows. Plants
were 10 years old and had a double cordon as training system.
The commercial formulations and fungicide substances listed in
Table 1 were tested to control downy mildew, powdery mildew
and grey mould. Rows were previously split into four randomised
plots (A–D) that were subjected to different phytosanitary treat-
ments (Fig. 1). Nine applications at different phenological stages
were performed. All were done with an M-83-E hand-gun sprayer
from Sirfran (Alicante, Spain) and in such a way that bunches and
leaves were all well; however, the formulation volumes used dif-
fered between applications (60 L ha1 in the ﬁrst, 120 L ha1 for
in the second and third, and 240 L ha1 in the remainder).
Downy mildew was controlled by initially applying Cabrio Top
(55% metiram + 5% pyraclostrobin) and Fobeci (35% folpet + 6%
benalaxyl + 3.2% cymoxanil) in May. Later, each randomised plot
was subjected to a different treatment with the new-generation
phytosanitary products. Thus, mandipropamid was directly ap-
plied as an active substance to plot A and the experimental product
named IR-5885, which contains 6% valifenalate + 60% mancozeb,
was applied to B. Commercial formulations of mandipropamid
and valifenalate are pending phytosanitary registration in Spain.
Mildicut (2.5% cyazofamid) and Equation Pro (22.5% famoxa-
done + 30% cymoxanil) were applied to plots C and D, respectively.
The last application in each randomised plot was performed under
CAP on September 18 and hence without complying with the pre-
harvest time (September 21). Rows 11 and 12 were left untreated
on the last application date (September 18) and used as controls
for GAP (plot E in Fig. 1).
Powdery mildew and grey mould were controlled according to
standard practices. Both were treated under GAP and in compli-
ance with the pre-harvest intervals for each commercial product
applied. Five applications over the period from June 13 to July 18
were used to control powdery mildew. The fungicide formulation
Talendo (20% proquinazid) was used in plots A and D, and Vivando
(50% metrafenone) in B and C. In addition, two treatments based on
Cantus (50% boscalid) and Switch (37.5% cyprodinil + 25% ﬂudioxo-
nil) were applied to all vines on June 19 and July 18, respectively, to
control grey mould.
The grapes in each plot were harvested separately in September
2009 and transferred to a cellar. All samples (at least 15 randomly
selected bunches per treatment, plots A–E) were previously ana-
lysed to determine the initial fungicide levels.
2.2. Winemaking process and wine samples
The grapes from each randomised plot (A–E) were harvested
separately. Single viniﬁcations of 100 kg of grapes —the greatest
overall amount obtained from each plot— per treatment without
replication were performed. The winemaking procedure was iden-
tical in all tests and involved crushing and pressing an amount of
100 kg of grapes to obtain must that was supplied with SO2 at a
50 mg l1 concentration and clariﬁed by settling in individual
metallic vessels containing Enozym Altair pectolytic enzymes from
Agrovin S.A. (Ciudad Real, Spain) at 10 C for 12 h. The clariﬁed
must was then racked and supplied with the commercial dry yeast
Fermol Iper R (Saccharomyces cerevisiae r.f. cerevisiae strain PB
2870; dose of utilisation: 20–30 g hL1 of must) from AEB Group
(Brescia, Italy). Alcoholic fermentation was conducted at tempera-
tures below 18 C for 14 days. The process was monitored by mea-
suring the temperature and density in each container on a daily
basis. At the end, each wine was racked to remove lees and sup-
plied with 50 mg SO2 l1. After 14 days, the wine was racked once
more and clariﬁed with 80 g bentonite hL1. The clariﬁed wine was
ﬁltered through cellulose, supplied with SO2 to a maximum con-
centration of 30 mg l1 wine and stabilised by addition of meta-
tartaric and ascorbic acids prior to bottling.
The ﬁve wines thus obtained (A–E) were bottled in December
2009 and subsequently analysed by the laboratory of Estación de
Viticultura e Enoloxía de Galicia (EVEGA), using OIV methods
(2000) (Table 2).
2.3. Chemicals
Fungicides were determined with Pestanal grade standards pur-
chased from Sigma–Aldrich (St. Louis, MO, USA), using stock stan-
dard solutions prepared in methanol (González-Rodríguez,
Noguerol-Pato, Cancho-Grande, & Simal-Gándara, 2011b), and vol-
atiles with chemical standards supplied by Sigma–Aldrich (St.
Louis, MO, USA) using stock standard solutions in ethanol (Noguer-
ol-Pato, González-Barreiro, Cancho-Grande, & Simal-Gándara,
2009).
The solvents used included acetone, acetonitrile, dichlorometh-
ane, ethanol, ethyl acetate, hexane, methanol, toluene and water,
all purchased in residue analysis grade from Panreac (Barcelona,
Spain). Other reagents such as sodium chloride and anhydrous so-
Table 1
Commercial formulations and active substances used in the ﬁeld trials.
Commercial
name
Fungicide formulation Manufacturer Dosage
applied
Pre-harvest time on vines
(days)
Downy mildew Cabrio Top Metiram (55%); Pyraclostrobin (5%) BASF Española, S.L. 333 g hL1 35
Fobeci Benalaxyl (6%); Cymoxanil (3.2%); Folpet
(35%)
Sipcam Inagra, S.A. 375 g hL1 30
MPa,b Mandipropamid – 583 g hL1 n.a.
VL (IR–5885)a,b Valifenalate (6%); Mancozeb (60%) Isagro USA, Inc. 583 g hL1 n.a.
Mildicut Cyazofamid (2.5%) Isk Biosciences Europe,
S.A.
1042 ml hL1 21
Equation Pro Famoxadone (22.5%); Cymoxanil (30%) Du Pont Ibérica, S.L. 125 g hL1 28
Powdery
mildew
Talendo Proquinazid (20%) Du Pont Ibérica, S.L. 33 ml hL1 28
Vivando Metrafenone (50%) BASF Española, S.L. 25 ml hL1 28
Grey mould Cantus Boscalid (50%) BASF Española, S.L. 125 g hL1 28
Switch Cyprodinil (37.5%); Fludioxonil (25%) Syngenta Agro, S.A. 125 g hL1 7
n.a. Not available.
a Product pending phytosanitary registration in Spain.
b MP and VL: assumed names for easy identiﬁcation.
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dium sulphate for residue analysis were also obtained from Panre-
ac. The sorbent materials used for solid-phase extraction (SPE)
were a Supelclean Envi-Carb II/PSA dual layer tube (500 mg/
500 mg, 6 ml size) from Supelco (Bellefonte, PA, USA) and Strata-
X, 33 lm polymeric reversed phase (500 mg, 6 ml size) from Phe-
nomenex (Torrance, CA, USA). Small apparatus such as an Ultra-
sons-H ultrasound bath (JP Selecta, Barcelona, Spain), a Reax Top
vortex (Heidolph, Schwabach, Germany), a Rotina 35R centrifuge
(Hettich Zentrifugen, Tuttlingen, Germany) and a Turbo Vap LV
evaporator (Caliper Life Sciences, Hopkinton, MA, USA) were also
used.
2.4. Extraction, separation and identiﬁcation procedures
2.4.1. Fungicide residues in grapes and wine
Fungicide residues in the grapes and wines were determined
according to González-Rodríguez et al., 2011a.
2.4.2. Volatile compounds in the wine
A solid phase extraction (SPE) systemwas used for volatile com-
pounds concentration and clean-up, using the method of López,
Aznar, Cacho, and Ferreira (2002) with the following slight modiﬁ-
cations: the Strata-X 33 lm polymeric reversed phase sorbent was
sequentially conditioned by rinsing with methanol (17 ml) and
water (20 ml at pH 3.5) without allowing the sorbent to dry out.
The sorbent was loaded with 50 ml of wine containing 25 ll of sur-
rogate standard (4-nonanol at a 100 mg l1 concentration in etha-
nol) and 25 ll of antioxidant (tert-butyl-4-hydroxyanisole, BHA, at
8 mg ml1), and dried by passing N2 for 45 min, after which vola-
tiles were eluted with dichloromethane (10 ml). The eluate was
dried over anhydrous sodium sulphate, concentrated to <1 ml un-
der an N2 stream, enriched with 25 ll of 2-octanol (100 mg l1 in
ethanol) as internal standard and made to 1 ml with dichlorometh-
ane prior to gas chromatographic analysis.
Volatile compounds were separated and identiﬁed on a Trace
GC instrument equipped with a PolarisQ ion trap mass selective
detector (ITMS) and an AS 2000 automatic injector from Thermo
Scientiﬁc (Rodano, Italy), and interfaced to a PC computer running
the software Xcalibur 1.4, also from Thermo Scientiﬁc. Chromato-
graphic separations were done on an HP-Innovax fused-silica cap-
illary column (60 m  0.25 mm ID, 0.25 lm ﬁlm thickness). The
carrier gas, helium, was circulated at 1 ml min1 in the constant
ﬂow mode. A split/splitless injector was used in the splitless mode
(split time 0.75 min). The injected volume was 2 ll and the injector
temperature 250 C. The oven temperature programme was as fol-
lows: 45 C for 2 min; 2 C min1 ramp to 225 C and holding for
15 min. The transfer line temperature was 250 C and the ion-trap
manifold temperature 200 C. The ion energy for electron impact
(EI) was always 70 eV.
Identiﬁcation of the volatile compounds was achieved by com-
paring the GC retention times and mass spectra over the mass
range 35–300 amu for the samples with those for pure standards
analysed under the same conditions. Mass detection was per-
formed in the SIM mode for quantitation (Table 3).
Volatile compounds were determined by internal standard
quantiﬁcation (2-octanol used as internal standard); 12 concentra-
tion levels were performed in duplicate and white wine recoveries
were applied to guarantee reliable results.
2.5. Statistical processing
Wines A, B, C and D were compared with respect to the control
(E) by one-way ANOVA at the 95.0% conﬁdence level, which was
performed with the statistical software package Statgraphics Plus
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Fig. 1. Ribeiro vineyard experimental plot (Ribadavia, at 42 180 700 N and 8 70 4700 W) and control strategies used in the 2009 season to control downy mildew, powdery
mildew and grey mould in the plots.
Table 2
General chemical properties of the wines.
Parameter Wine
A B C D E
pH 3.25 3.27 3.24 3.29 3.23
Alcoholic strength (% v/v) 12.6 12.3 12.5 12.7 12.5
Total acidity (g tartaric acid l1) 5.0 4.9 5.1 4.8 5.1
Total SO2 (mg l1) 62 66 77 80 65
828 M. González-Álvarez et al. / Food Chemistry 131 (2012) 826–836
Author's personal copy
version 5.1 from Manugistics (Rockville, MD, USA), to identify sig-
niﬁcant differences.
A stepwise forward discriminant algorithm with F-to-enter and
remove = 4 was also used to identify those variables that were sig-
niﬁcant predictors for the four groups of samples, viz., those trea-
ted with fungicides against downy mildew under CAP (A, B, C and
D) and that treated under GAP (wine E, used as control). The dis-
criminating functions were statistically signiﬁcant at the 95% con-
ﬁdence level, which afforded optimal separation between groups.
3. Results and discussion
3.1. Fungicide residues in grapes and wine
Table 4 shows the residual fungicide concentrations found in
the harvested grapes. Downymildewwas controlled by application
of the commercial formulations Cabrio Top (55% metiram + 5% pyr-
aclostrobin) and Fobeci (35% folpet + 6% benalaxyl + 3.2% cymoxa-
nil) in May (Fig. 1). No residues of benalaxyl, cymoxanil, folpet or
pyraclostrobin were detected in the grapes except in the samples
from plot D, which was subsequently treated with the commercial
formulation Equation Pro (22.5% famoxadone + 30% cymoxanil);
also, metiram was not determined by GC–ITMS. Plots A–D were
subjected to different phytosanitary treatments for downy mildew
from June to September (Fig. 1); the last application was performed
3 days before harvest and hence without complying with the pre-
harvest intervals (PHIs). The residual concentration of the new fun-
gicide mandipropamid (MP, applied to plot A) was 0.97 mg kg1,
which is lower than the maximum residue level established by
the European Union (EU MRL) for this compound in wine grapes
(2 mg kg1). However, in the other plots (B–D), the fungicide resi-
dues were above their EU MRLs. The valifenalate (VL) residual con-
centration in grapes from plot B, which was treated with the
experimental product IR-5885 (6% valifenalate + 60% mancozeb),
was 1.4 mg kg1 and exceeded its EU MRL (0.2 mg kg1); like met-
iram, mancozeb was not determined by GC–ITMS. Residual cyazof-
amid levels in plot C, which was treated with Mildicut (2.5%
cyazofamid), amounted to 0.72 mg kg1 and exceeded the MRL
for this pesticide in grapes (0.5 mg kg1). The residual concentra-
tions of cymoxanil (1.0 mg kg1) and famoxadone (2.1 mg kg1)
in plot D, which was treated with Equation Pro (22.5% famoxa-
done + 30% cymoxanil), were higher than and close to, respectively,
their EU MRLs (0.2 and 2 mg kg1).
Table 3
Quantiﬁcation fragments (m/z) and relative intensities (%) for volatile compounds as
analysed by GC–ITMS.
Volatile compound m/z (relative abundance%)
Terpenes
(±)-Citronellal 95 (75.4) + 96 (8.5)
(±)-b-Citronellol 67 (99.9) + 81 (61.8)
trans,trans-Farnesol 81 (61.9) + 161 (17)
Geraniol 67 (46.2)
(±)-Limonene (dipentene) 67 (99.9) + 93 (36.5)
(+/–)-Linalool 91 (96.2) + 93 (95.2)
Nerol 67 (52.5) + 93 (42.3)
cis-Nerolidol 93 (89.1) + 107 (69.3)
(1S)-(–)-b-Pinene 91 (99.9) + 93 (83.6)
a-Terpineol 93 (99.9) + 121 (76.5)
(–)-Terpinen-4-ol 91 (80.9) + 93 (99.9)
Norisoprenoids
Damascenone 105 (57.4) + 121 (99.9)
b-Damascone 177 (99.9) + 192 (14.1)
a-Ionone 177 (26.4)
b-Ionone 177 (99.9)
(±)-Theaspirane 96 (99.9) + 138 (70.8)
Alcohols
2-Methyl-1-propanol (or isobutanol) 41 (99.9) + 67 (0.5)
1-Butanol 39 (80.9) + 41 (99.9) 43 (7.8) + 55
(16.5)
2-Methyl-1-butanol (or amyl alcohol) 39 (53) + 41 (99.9) + 43 (4.1) + 55
(33.7)
3-Methyl-1-butanol (or isoamyl
alcohol)
39 (99.9) + 41 (86.2) + 43 (9.4) + 55
(85.1)
1-Hexanol 45 (0.8) + 55 (26.3)
3-Hexanol 39 (29.7) + 41 (25.8) + 43
(99.9) + 55 (63.7)
trans-3-Hexen-1-ol 41 (91.6) + 67 (99.9)
cis-3-Hexen-1-ol 41 (52.4) + 67 (99.9)
trans-2-Hexen-1-ol 41 (94.6) + 67 (99.9)
Benzyl alcohol 79 (99.9) + 108 (20.0)
2-Phenylethanol 91 (99.9) + 92 (59.9)
Acetates
3-Methyl-1-buthyl acetate (or isoamyl
acetate)
39 (29.7) + 41 (25.8) + 43
(99.9) + 55 (63.7)
Hexyl acetate 39 (39.7) + 41 (86.3) + 43
(99.9) + 55 (24.1)
2-Phenylethyl acetate 78 (47.5) + 104 (99.9)
Ethyl esters
Ethyl butanoate (or ethyl butyrate) 55 (46.1) + 61 (28.3) + 88 (10.3)
Ethyl 3-hydroxybutyrate 43 (99.9) + 117 (10.0)
Ethyl hexanoate (or ethyl caproate) 39 (54.7) + 41 (68.0) + 43
(99.9) + 55 (91.5)
Ethyl octanoate (or ethyl caprylate) 45 (16.5) + 55 (99.9)
Ethyl decanoate 157 (27.0)
Ethyl dodecanoate (or ethyl laurate) 157 (31.3) + 185 (21.5)
Ethyl lactate 45 (99.9) + 55 (1.0)
Ethyl tetradecanoate (or ethyl
myristate)
157 (85.6) + 213 (79.7)
Diethyl succinate 101 (99.9) + 129 (23.6)
Volatile phenols
4-Ethyl-phenol 107 (99.9) + 122 (25.3)
4-Ethyl-2-methoxyphenol (or 4-
ethylguaiacol)
137 (99.9) + 152 (52.2)
2-Methoxy-4-vinyl phenol (or 4-
vinylguaiacol)
135 (66.9) + 150 (99.9)
Vanillin 151 (99.9) + 152 (92.5)
Acetovanillone 151 (99.9) + 152 (9.6)
Ethyl vanillate 151 (99.9) + 152 (12.7)
Eugenol 149 (39.0) + 164 (99.9)
Syringol (2,6-dimethoxyphenol) 139 (49.9) + 154 (99.9)
Acids
Geranic acid 69 (23.1) + 123 (71.2)
Butanoic acid (or butyric acid) 60 (72.4) + 73 (26.9)
3-Methylbutanoic acid (or isovaleric
acid)
42 (94.0) + 60 (81.0)
Hexanoic acid (or caproic acid) 60 (99.9)
Octanoic acid (or caprylic acid) 55 (90.1) + 60 (64.6) + 101 (21.5)
Decanoic acid (or capric acid) 87 (79.1) + 129 (34.6)
Table 3 (continued)
Volatile compound m/z (relative abundance%)
Lactones
c-Butyrolactone 41(99.9) + 42 (55.2)
c-Hexalactone 57 (81.8) + 85 (99.9)
c-Nonalactone 57 (54.3) + 85 (99.9)
(R)-(–)-Pantolactone 43 (97.0) + 71 (60.9)
Whisky lactone 71 (47.2) + 99 (49.0)
Aldehydes
Benzaldehyde 77 (85.2) + 105 (99.9)
2-Furfuraldehyde (or 2-furfural) 95 (99.9) + 96 (45.5)
Hexanal 41 (92.8) + 67 (38.4)
Heptanal 39 (29.7) + 41 (25.8) + 43
(99.9) + 55 (63.7)
Sulphur compounds
Methionol 88 (57.4) + 106 (53.1)
Internal standard
2-Octanol 45 (99.9) + 55 (66.3)
Surrogate standard
4-Nonanol 55 (99.9) + 83 (48.2)
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The treatments for powdery mildew, which included Talendo
(20% proquinazid, plots A and D) and Vivando (50% metrafenone,
plots B and C), were applied in compliance with the PHI for each
product. The last application was performed two months before
the harvest date. Proquinazid residual levels ranged from 0.093
(plot D) to 0.13 mg kg1 (plot A), and metrafenone levels ranged
from 0.041 (plot B) to 0.087 mg kg1 (plot C); both are below the
corresponding EU MRLs (0.5 mg kg1 for both).
Grey mould in plots A–D was controlled by applying the com-
mercial formulations Cantus (50% boscalid) and Switch (37.5%
cyprodinil + 25% ﬂudioxonil) in June and July, respectively, both
in compliance with the PHI for each product (28 and 7 days,
respectively). The boscalid residual levels 90 days after treatment
with 125 g Cantus hL1 ranged from 0.78 (plot C) to 1.2 mg kg1
(plot A); both are lower than the EU MRL for this compound
(5 mg kg1).
Dissipation of fungicide residues during the winemaking pro-
cess was examined in ﬁltered wine samples. The course of alco-
holic fermentation in musts from grapes harvested in the ﬁve
experimental plots (A–E) was established by monitoring changes
in must density; based on the results, all fermentations had a reg-
ular course (10–15 days), which suggests that the initial fungicide
levels in the harvested grapes were not high enough to inhibit
yeast metabolism during the winemaking process. The residual
concentrations of the studied pesticides in the ﬁnal wines were
as follows: 0.069–0.16 mg l1 for boscalid, 0.0019 mg l1 for cya-
zofamid, 0.0021–0.0042 for cyprodinil, 0.0076–0.017 mg l1 for
ﬂudioxonil, 0.031 mg l1 for mandipropamid and 0.95 mg l1 for
valifenalate (Table 4). Therefore, the winemaking process resulted
in strong (90–99%) dissipation of all fungicides initially detected in
the grapes except valifenalate, which remained in the wine in pro-
portions of 32%.
3.2. Volatile proﬁle of the wines
3.2.1. Performance of instrumental and analytical methods for
determining volatiles
The performance of the overall method for determining volatile
compounds in the wines was assessed in terms of quality-related
parameters (viz., repeatability, reproducibility, linear range and
limits of detection and quantitation) for the GC–ITMS instrumental
method, and of accuracy and repeatability for the SPE/GC–ITMS
analytical method.
The repeatability (within-day precision) and reproducibility
(between-day precision) of the instrumental method (GC–ITMS)
were calculated by analysing a standard containing the target com-
pounds at a 2.5 mg l1 concentration each in dichloromethane on
the same day (n = 7) and on two non-consecutive days (n = 11),
respectively. As can be seen in Table 5, the relative standard devi-
ation (RSD%) for repeatability was ca. 10% for virtually all analytes
and that for reproducibility was somewhat higher but still below
15% except for theaspirane A (28%), butanoic acid (23%), 3-meth-
ylbutanoic acid (21%), ethyl dodecanoate (18%), ethyl tetradecano-
ate (26%), octanoic acid (31%), and trans,trans-farnesol (20%). These
RSD values testify to the good precision of the instrumental meth-
od, the linearity of which was evaluated by plotting the ratio of
analyte-to-internal standard (2-octanol) area against concentra-
tion over the range 0.010–10 mg l1 (n = 12). As can be seen from
Table 5, the instrumental method exhibited good linearity
throughout the concentration range for all compounds and correla-
Table 4
Residual concentrations of fungicides found in the initial crushed grapes and ﬁnal ﬁltered wines.
Treatment Sampling
MRL for wine grapes in EU (mg kg1) Harvested grapes (mg kg1)a Filtered wines (mg l1)a % Reduction
(A)
Downy mildew Mandipropamid 2.0 0.970 ± 0.006 0.0310 ± 0.0006 97
Powdery mildew Proquinazid 0.5 0.13 ± 0.02 <LOD >99
Grey mould Boscalid 5.0 1.20 ± 0.03 0.095 ± 0.003 92
Cyprodinil 5.0 0.46 ± 0.03 0.0021 ± 0.0003 99
Fludioxonil 2.0 0.410 ± 0.002 0.0094 ± 0.0004 98
(B)
Downy mildew Valifenalate 0.2 1.4 ± 0.1 0.95 ± 0.03 32
Powdery mildew Metrafenone 0.5 0.041 ± 0.005 <LOD >98
Grey mould Boscalid 5.0 0.990 ± 0.008 0.084 ± 0.002 92
Cyprodinil 5.0 0.39 ± 0.02 0.00230 ± 0.00007 99
Fludioxonil 2.0 0.340 ± 0.003 0.0080 ± 0.0003 98
(C)
Downy mildew Cyazofamid 0.5 0.7200 ± 0.0009 0.0019 ± 0.0006 99
Powdery mildew Metrafenone 0.5 0.087 ± 0.005 <LOD >99
Grey mould Boscalid 5.0 0.78 ± 0.02 0.069 ± 0.002 91
Cyprodinil 5.0 0.73 ± 0.05 0.0042 ± 0.0009 99
Fludioxonil 2.0 0.50 ± 0.05 0.0076 ± 0.0004 98
(D)
Downy mildew Cymoxanil 0.2 1.00 ± 0.05 <LOD >99
Famoxadone 2.0 2.1 ± 0.2 <LOD >99
Powdery mildew Proquinazid 0.5 0.093 ± 0.002 <LOD >99
Grey mould Boscalid 5.0 1.200 ± 0.007 0.1600 ± 0.0006 87
Cyprodinil 5.0 0.58 ± 0.08 0.0036 ± 0.0001 99
Fludioxonil 2.0 0.370 ± 0.009 0.0170 ± 0.0009 95
(E)
Downy mildew Famoxadone 2.0 0.950 ± 0.005 <LOD >99
Powdery mildew Proquinazid 0.5 0.120 ± 0.001 <LOD >99
Grey mould Boscalid 5.0 1.20 ± 0.01 0.110 ± 0.002 91
Cyprodinil 5.0 0.51 ± 0.04 0.003400 ± 0.000006 99
Fludioxonil 2.0 0.26 ± 0.02 0.0100 ± 0.0004 96
a Average ± SD (n = 2).
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tion coefﬁcients (r2) higher than 0.990 in all cases except for cis-
nerolidol. Finally, the limits of detection (LODs) and quantitation
(LOQs) were calculated as 3 and 10 times, respectively, the sig-
nal-to-noise ratio; the former ranged from 4 lg l1 for 2–phenylac-
etate to 375 lg l1 for geranic acid.
The performance of the analytical method (SPE/GC–ITMS) was
assessed in terms of recoveries, which were calculated by spiking
synthetic wine and white wine samples with a 0.050 mg l1 con-
centration of each minor volatile and one of 0.500 mg l1 of each
major volatile. The results, shown in Table 5, testify to the good
accuracy of the method; in fact, recoveries ranged from 80% to
100% for most of the volatiles in both types of wine. On the other
hand, the recoveries of 2-methyl-1-propanol, b-pinene, 1-butanol,
limonene, ethyl lactate, 2-furfuraldehyde, citronellal, ethyl 3-
hydroxybutyrate, butanoic acid, c-hexanolactone, methionol, ethyl
tetradecanoate and pantolactone were all below 50%. Repeatabil-
ity, expressed as RSD%, was less than 15% for most of the volatiles.
3.2.2. Aroma composition of Godello white wines
The main purpose of this work was to examine the effect of res-
idues of fungicides applied under CAP on the aroma composition of
Godello white wines. Table 6 lists the concentrations of the 31 vol-
atile compounds identiﬁed in Godello wines, with alcohols, esters,
acetates and fatty acids among the major volatiles and terpenes,
volatile phenols and sulphur compounds among the minor ones.
The contribution of each compound to wine aroma was estimated
from its odour activity value (OAV) (Guth, 1997), also known as
‘‘aroma index’’, which was calculated as the ratio of its concentra-
tion in each wine to its odour threshold (also listed in Table 6).
Only those compounds with OAV > 1 were deemed active odou-
rants (Guth, 1997) and OAV differences were used to assess sen-
sory changes in the wines by effect of the presence of fungicide
residues.
3.2.2.1. Terpenes. Since terpenes, which are sugar-related com-
pounds naturally occurring in grape skin, are not altered by yeast
metabolism during fermentation, they can be used for accurate
varietal characterisation. Six terpenes (citronellol, trans,trans-far-
nesol, geraniol, linalool, b-nerol, and a-terpineol) were detected
at low concentrations (0.8–33 lg l1) in the wines (A–E) and a sev-
enth, geraniol, at substantially higher levels (71–91 lg l1). Only
two terpenes (a-terpineol and b-citronellol, both at similar con-
centrations) were detected in a recent study on the aroma compo-
sition of white wines made from the Godello cultivar (Losada,
Andrés, Cacho, Revilla, & López, 2011). The terpene concentrations
in our white wines were all below the respective perception
thresholds. As a result, OAVs were all less than unity, which sug-
gests that none of the volatiles can appreciably contribute to the
aroma of the white wines; by exception, geraniol (rose, ﬂoral
descriptor) and trans,trans-farnesol (muguete, ﬂoral descriptor),
with an OAV of 2.7 and 1.3, respectively, endowed the ﬁnal aroma
with ﬂoral nuances. Wines C and D only differed from E (the con-
trol wine) in their trans,trans-farnesol levels; this suggests that the
phytosanitary treatments used may affect the synthesis of this
varietal compound. Surprisingly, geraniol synthesis was altered
by the use of the new fungicides benalaxyl, iprovalicarb and pirac-
lostrobin to control downy mildew under GAP in the same exper-
imental vineyard one year before (González-Rodríguez et al.,
2011b).
3.2.2.2. Alcohols. 3.2.2.2.1. C6–alcohols. 1-Hexanol, trans-3-hexen-1-ol
and cis-3-hexen-1-ol belong to the group of C6-compounds formed
at any stage preceding alcoholic fermentation (harvest, transport,
crushing and pressing of grapes); all have linoleic acid (C18:2) or
linolenic acid (C18:3) as precursor. 1-Hexanol was formed in greater
amounts than the other two C6–alcohols; also, its synthesis wasT
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unaffected by the presence of fungicide residues since no signiﬁ-
cant differences with respect to the control wine were observed.
Similar results were previously obtained by other authors as re-
gards the effect on the aroma composition of wine of various resid-
ual pesticides: chlorpyrifos, fenarimol, mancozeb, metalaxyl,
penconazole and vinclozolin (Oliva et al., 1999); famoxadone, fen-
hexamid, ﬂuquinconazole, kresoxim-methyl and triﬂoxystrobin
under GAP (Oliva et al., 2008); quinoxyfen, kresoxim-methyl, ﬂu-
quinconazole and triﬂoxystrobin under CAP (Oliva et al., 2008);
and benalaxyl, iprovalicarb and piraclostrobin (González-Rodríguez
et al., 2011b). The three alcohols had OAV < 1, so none can have
adversely affected the quality of Godello wine by effect of its vege-
table, herbaceous odour.
3.2.2.2.2. Other alcohols. Higher alcohols arise as primary metabo-
lites of yeast sugar and amino acid metabolism. According to ori-
gin, two groups of higher alcohols can be considered: those that
are synthesised from a keto acid resulting from the oxidative
deamination of an amino acid or involved as an intermediate in
its biosynthesis; and those that are not produced directly from
an amino acid but from a keto acid that takes part as an interme-
diate in cell glucidic metabolism (Ayräpää, 1971). The former
group includes isoamyl alcohols, isobutanol and phenylethyl alco-
hol which can be synthesised from leucine (and isoleucine), valine
and phenylalanine, respectively via their ketoacids: a-ketoisocap-
roate (and a-keto-b-methylvalerate), a-ketoisovalerate and a-
kephenylpyruvate. The second group includes 1-butanol and 1-
pentanol whose biosynthesis is especially active under anaerobic
conditions.
Isoamyl alcohols (2-methyl-1-butanol and 3-methyl-1-butanol)
and aromatic alcohols (benzyl alcohol and 2-phenylethanol) were
identiﬁed in the wines. Isoamyl alcohols and 2-phenylethanol were
the major compounds with OAVs greater than unity; isoamyl alco-
hols (alcohol, nail polish) contributes more markedly to smell
intensity than it does to aroma quality, and 2-phenylethanol (rose
descriptor) imparts a ﬂoral nuance. No signiﬁcant differences in
the isoamyl alcohols between the wines from treated grapes and
the control wine were observed. Similar results for these major
alcohols were obtained for Godello grapes treated with other
new-generation fungicides under GAP (González-Rodríguez et al.,
2011b). The only signiﬁcant change was an increased OAV for 2-
phenylethanol in wine A, which was made from grapes treated
with mandipropamid; this is consistent with previous results for
most of the new-generation fungicides studied so far (cyprodinil,
famoxadone, ﬂudioxonil, kresoxim-methyl, quinoxyfen, pyrimeth-
anil and triﬂoxystrobin) (García et al., 2004; Oliva et al., 2008).
3.2.2.3. Esters. A total of ﬁve ethyl esters resulting from acyl-CoA
formation by fatty acid synthesis or degradation were identiﬁed
in all wines. The most abundant ester in the control wine was ethyl
octanoate (657 lg l1; pineapple, pear and sweet fruit), followed
by ethyl hexanoate (611 lg l1; green apple), ethyl decanoate
(232 lg l1; grape), ethyl butanoate (192 lg l1; strawberry) and
diethyl succinate (46 lg l1; wine aroma). The ethyl ester concen-
trations found are consistent with previously reported values for
Godello white wines (Losada et al., 2011) with the exception of
diethyl succinate, which was found at concentrations of 700–
820 lg l1. Ethyl hexanote (OAV = 44), followed by ethyl butanoate
(OAV = 9.6), ethyl octanoate (OAV = 1.1) and ethyl decanoate
(OAV = 1.2) in wine E were the four ethyl esters most markedly
contributing to the aroma of the wines, all with fruity nuances.
As regards acetates, 3-methyl-1-butyl acetate (630 lg l1 in
wine E), hexyl acetate (667 lg l1) and 2-phenylethyl acetate
(179 lg l1) were all present as a result of acetyl-CoA condensation
with higher alcohols in the presence of the enzyme alcohol acetyl-
transferase. Acetate concentrations were also consistent with pre-
viously reported values for Godello wines (Losada et al., 2011) with
the exception of hexyl acetate, which was found at concentrations
over the range 50–70 lg l1 in our wine samples. The phytosani-
tary treatments seemingly had no effect on their synthesis since
no signiﬁcant differences in concentration between the wines from
grapes grown under CAP and the control wine were observed. In
fact, only 3-methyl-1-butyl acetate (OAV = 21, banana descriptor)
contributed to the wine aroma, with fruity nuances.
The fungicide residues were found to be readily adsorbed in so-
lid matter (must deposits) during clariﬁcation in the presence of
pectolytic enzymes before alcoholic fermentation; in fact, 80–95%
of all fungicide residues found in the pressed musts were adsorbed
on must deposits and only 5–20% remained in the settled musts
(González-Rodríguez et al., 2011a). This was possibly the reason
why no signiﬁcant differences in OAV for the ethyl esters and ace-
tates were observed in the samples treated with the new phyto-
sanitary formulations —by exception, treatment C reduced fruity
aroma through a signiﬁcant decreased synthesis of ethyl butano-
ate. By contrast, the fungicide residues in musts from grapes trea-
ted with Cabrio Top (55% metiram + 5% pyraclostrobin), Mikal
Premium (37.1% fosetyl-al + 28.6% mancozeb + 3.4% iprovalicarb)
and Fobeci (35% folpet + 6% benalaxyl + 3.2% cymoxanil) the last
year in the same vineyard seemingly strengthened the fruity aro-
ma of the ﬁnal wine (González-Rodríguez et al., 2011b) by boosting
the synthesis of ethyl and acetate esters.
3.2.2.4. Volatile phenols. Phenolic acids, which are generally esteri-
ﬁed by tartaric acid, are natural constituents of grape must and
wine, and can be released as free acids (p-coumaric, caffeic and
ferulic acid, mainly) by certain cinnamoyl esterase activities during
the winemaking process; some microorganisms present in grapes
can metabolise free phenolic acids into 4-vinyl and 4-ethyl deriva-
tives (Annél Smit, Cordero Otero, Lambrechts, Pretorius, & van
Rensburg, 2003). These compounds are mainly vinylphenols in
white wines and ethylphenols in red wines (Boidron, Chatonnet,
& Pons, 1988). Six volatile compounds (4-ethylphenol, 4-vinyl-
guaiacol, acetovanillone, ethyl vanillate, eugenol and vanillin) were
identiﬁed in all white wines, 4-vinylguaiacol and acetovanillone
being the most concentrated. Although ethylphenols are responsi-
ble for animal and smoky odours, and vinylphenols may impart
heavy pharmaceutical odours, only 4-vinylguaiacol exhibited an
OAV higher than unity, with signiﬁcant differences between wines
A, C, D and the control. Losada et al. (2011) also found six volatile
phenols at similar concentrations in Godello wines, but detected
guaiacol and 4-vinylphenol instead of 4-ethylphenol and ethyl
vanillate.
3.2.2.5. Volatile fatty acids. A total of four volatile fatty acids con-
tributing to the fermentative aroma of the wine were detected at
high levels, namely: octanoic acid (5820 lg l1 in the control
wine), hexanoic acid (2627 lg l1), decanoic acid (1926 lg l1)
and 3-methylbutanoic acid (694 lg l1). High concentrations of
fatty acids result in also high levels of fatty ethyl esters at equilib-
rium (Flanzy, 2003). Also, fatty acids with more than ﬁve carbon
atoms are believed to act as quality factors for wine (Edwards,
Beelman, Bartley, & Mc Connel, 1990). Irrespective of their concen-
trations, which are consistent with the values previously reported
by Losada et al. (2011) for Godello white wines, the contribution of
these volatile fatty acids to the aroma of the wines decreased in the
following sequence: 3-methylbutanoic acid (OAV = 21 in wine E),
octanoic acid (OAV = 12), hexanoic acid (OAV = 6.2) and decanoic
acid (OAV = 1.9). Phytosanitary treatment D (famoxadone and
cymoxanil) seemingly reduced the synthesis of the major fatty
acids (3-methylbutanoic acid, hexanoic acid and octanoic acid),
while treatments B (valifenalate) and C (cyazofamid) increased
the synthesis of decanoic acid. Oliva et al. (2008), found other
behaviour in Monastrell red wines, famoxadone and fenhexamid
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decreased hexanoic and octanoic acids content under GAP condi-
tions signiﬁcantly. However, in a previous study with the same
grape variety, Oliva et al. (1999) found that decanoic acid concen-
tration increased signiﬁcantly in wines containing mancozeb and
metalaxyl.
3.2.2.6. Aldehydes. Only a few aldehydes were detected in the
wines, probably because they were reduced to the corresponding
alcohols during the course of fermentation. Benzaldehyde and
phenylethanol are the two major compounds in this group (Perest-
relo, Fernandes, Albuquerque, Marques, & Câmara, 2006). Benzal-
dehyde (bitter almonds, cherry aroma) was the only aldehyde
identiﬁed in all wines. However, it cannot have inﬂuenced their ar-
oma since its concentration was always below its odour threshold;
also, the phytosanitary treatments under CAP seemingly reduced
its synthesis. Nevertheless, Oliva et al. (2008) observed that when
fenhexamid was used under CAP inMonastrell red wines, the benz-
aldehyde content increased.
3.2.2.7. Sulphur compounds. Methionol is one of the least volatile
compounds in the sulphur family. Methionol synthesis in wines oc-
curs by reduction of yeast available nitrogen during the clariﬁca-
tion of musts. Although the concentrations of methionol found in
all wines exceeded its odour threshold value (1000 mg l1), its con-
tribution to the aroma of the wines departed from that of its
descriptor (cauliﬂower, boiled green beans); in fact, methionol
has basically been described as a weakening aroma capable of
masking and/or reducing the favourable nuances imparted by
other volatile compounds. Methionol was previously detected in
monovarietal white wines made from other Galician native grape
varieties such as Loureira, Dona Branca and Treixadura (Falqué,
Fernández, & Dubourdieu, 2002), Albariño (Bautista, Fernández, &
Falqué, 2007), and also in other wines obtained from Godello grapes
(González-Rodríguez et al., 2011b; Losada et al., 2011).
Methionol concentrations decreased signiﬁcantly in CAP wines
(A, B, C and D) with respect to control (E). A similar behaviour
was observed in a previous study the last year in the same vineyard
(González-Rodríguez et al., 2011b) with new fungicides pyraclost-
robin (applied as Cabrio Top) and iprovalicarb (applied as Mikal
Premium).
3.2.3. Major volatiles in wines from grapes treated with fungicides
under CAP and GAP
A discriminant analysis based on a stepwise forward selection
algorithm with F-to-enter and remove = 4 was also used to identify
those variables being signiﬁcant predictors for the ﬁve groups of
samples, i.e., those treated with fungicides against downy mildew
under CAP (A, B, C and D) and those treated under GAP (control
wine). The four standardised discriminating functions with
P < 0.05 were statistically signiﬁcant at the 95% conﬁdence level
and constructed from six variables, namely:
SDF1 (86.71% variance) = 2.870  (2-phenylethyl acetate) +
0.564  (ethyl butanoate) + 2.077  (ethyl octanoate) + 1.448 
(4-vinylguaiacol)  1.646  (3-methylbutanoic acid)  4.286 
(methionol)
SDF2 (8.78% variance) =  0.244  (2-phenylethyl acetate) +
0.431  (ethyl butanoate)  0.931  (ethyl octanoate) + 2.090 
(4-vinylguaiacol)  0.349  (3-methylbutanoic acid)  0.600 
(methionol)
SDF3 (3.52% variance) =  0.818  (2-phenylethyl acetate) +
1.263  (ethyl butanoate) + 0.251  (ethyl octanoate) + 0.250 
(4-vinylguaiacol)  1.125  (3-methylbutanoic acid) + 0.042 
(methionol)
SDF4 (0.99% variance) =  0.883  (2-phenylethyl ace-
tate) + 0.612  (ethyl butanoate)  0.197  (ethyl octano-
ate) + 0.237  (4-vinylguaiacol) + 0.683  (3-methylbutanoic
acid)  0.373  (methionol)
The six variables were selected stepwise in the following se-
quence (with F-to-enter between brackets): methionol
(140.78) = 4-vinylguaiacol (177.07) > 3-methylbutanoic acid
(35.48) = 2-phenylethyl acetate (38.02) > ethyl butanoate
(8.01) = ethyl octanoate (4.50). The ﬁve resulting groups were plot-
ted in a three-dimensional space formed by the ﬁrst three selected
variables (Fig. 2). 4-Vinylguaiacol and methionol exhibited higher
values in the control group (control wine) than they did in the crit-
ically treated groups (A to D, grapes treated against downy mildew
under CAP). 2-Phenylethyl acetate was the dominant compound in
group B, but had a low value in group D. Also, C contained higher
levels of methionol than its closest follower, A (Table 6).
All 15 observations used to ﬁt the model (5 groups  3 samples)
were correctly classiﬁed. As can be seen from Fig. 3, a combination
of the ﬁrst two discriminant functions extracted accounted for
95.5% of the total variance and allowed the ﬁve groups to be accu-
rately discriminated. Thus, SDF1 discriminated the four wines from
grapes treated against downy mildew and the control wine (Con-
trol < C < A < D < B), and SDF2 established three groups: Control
and B > A and C > D. The low values of SDF1 facilitated classifying
the samples in the control group, whereas the high values of
SDF2 helped classify the samples in both B and the control group.
4. Conclusions
The main purpose of this work was to examine the inﬂuence of
residual fungicides in grapes on the aroma of Godello white wines.
OAVs were used to evaluate the contribution to aroma composition
of 31 volatile compounds quantiﬁed in all studied wines. Based on
their OAVs, only 15 volatile compounds can be considered active
odourants (i.e., substances with OAV > 1). Fatty acid esters (ethyl
hexanoate, ethyl octanoate, ethyl butanoate), acetates (3-methyl-
1-butyl acetate) and fatty acids (3-methylbutanoic acid, octanoic
2-phenylethyl acetate
2-methoxy-4-vinyl phenol
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Fig. 2. Group separation in the three-dimensional space formed by the most
discriminating variables.
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Fig. 3. Plot of discriminant functions 1 (96.99% variance) vs. 2 (2.24% variance).
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acid and hexanoic acid), which are formed during alcoholic fer-
mentation, exhibited OAVs from 10 to 44.
Based on a stepwise discriminant analysis, terpenes and higher
alcohols were the only families of volatile compounds with
OAVs > 1 not contributing to discrimination between sample
groups. The other families with OAVs > 1 had at least one member
among the discriminant volatiles: 2-phenylethyl acetate among
acetates; ethyl butanoate and octanoate among ethyl esters; 4-
vinylguaiacol among phenols; 3-methylbutanoic acid among or-
ganic acids; methionol among sulphur compounds.
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a b s t r a c t
The aroma proﬁles obtained of three Garnacha Tintorera-based wines were studied: a base wine, a nat-
urally sweet wine, and a mixture of naturally sweet wine with other sweet wine obtained by fortiﬁcation
with spirits. The aroma ﬁngerprint was traced by GC–MS analysis of volatile compounds and by sensorial
analysis of odours and tastes. Within the volatiles compounds, sotolon (73 lg/L) and acetoin (122 lg/L)
were the two main compounds found in naturally sweet wine. With regards to the odorant series, those
most dominant for Garnacha Tintorera base wine were ﬂoral, fruity and spicy. Instead, the most marked
odorant series affected by off-vine drying of the grapes were ﬂoral, caramelized and vegetal-wood.
Finally, odorant series affected by the switch-off of alcoholic fermentation with ethanol 96% (v/v) ﬁt
for human consumption followed by oak barrel aging were caramelized and vegetal-wood. A partial least
square test (PLS-2) was used to detect correlations between sets of sensory data (those obtained with
mouth and nose) with the ultimate aim of improving our current understanding of the ﬂavour of Garna-
cha Tintorera red wines, both base and sweet. Based on the sensory dataset analysis, the descriptors with
the highest weight for separating base and sweet wines from Garnacha Tintorera were sweetness, dried
fruit and caramel (for sweet wines) vs. bitterness, astringency and geranium (for base wines).
 2012 Elsevier Ltd. All rights reserved.
1. Introduction
Sweet wines are mainly characterized by their high sugar con-
centration and alcohol. There are many techniques to increase
the sugar content in the ﬁnal wines: (a) by adding exogenous sug-
ars before or at the end of the fermentation; (b) by adding alcohol
to stop alcoholic fermentation and consequently having not fer-
mented all the natural sugar in the grape juice, process also known
as fortiﬁcation; and (c) by removing water to concentrate the su-
gar. The latter technique, the grape dehydration, can be carried
out: (1) in warm climates, by air drying the grapes to make raisin
wine (obtaining Pedro Ximénez sherry, for example); (2) in frosty
climates, by freezing out some of the water in vineyards to make
ice wine (obtaining the Austrian, German or Canadian ice wines);
and (3) in damp temperate climates, by using a fungal infection,
Botrytis cinerea, to desiccate the grapes with noble rot when grapes
are late harvested (e.g. Sauternes and Tokaji wines) (Ribéreau-
Gayon, Dubourdieu, Donèche, & Lonvaud, 2006, chap. 14).
Galicia (the North-Western corner of Spain) is an interesting
Spanish wine region which has ﬁve Denominations of Origin: Ribe-
iro, Rías Baixas, Valdeorras, Ribeira Sacra andMonterrei. The current
trend of the world wine-making market is the production of wines
from traditional minority varieties with particular and differenti-
ated characteristics (especially respect the aromatic andpolypheno-
lic composition) as well as the production of new wine products
with high quality such as sweetwines. Vino tostado is the only sweet
wine traditionally produced andmarketed in Galicia, in the Denom-
ination of Origin Ribeiro (Cortés, Salgado, Rivas, Torrado, &
Domínguez, 2010). White grapes Vitis vinifera L. cv. Treixadura after
harvesting are air dried in a covered place under controlled temper-
ature and humidity conditions, to concentrate sugars, acids and ﬂa-
vour compounds; raisins are pressed to obtain a grape must with a
high sugar concentration and high alcoholic content. Although sen-
sory characteristics of vino tostadowere studied by Vilanova, Vidal,
and Cortés (2008) who have established descriptors and quality
parameters that deﬁne them, there are no published papers that re-
fer to the analytical composition of volatiles in vino tostado or in the
grape must used to elaborate this wine (Cortés et al., 2010).
In Valdeorras (N.E. Galicia), a sweet wine obtained after drying
white grapes V. vinifera L. cv. Godello, with similar characteristics
to those of Ribeiro, has also been traditionally elaborated. At pres-
ent, the Denomination of Origin Valdeorras wants to promote the
production and marketing of a new sweet wine elaborated with
dried red grapes V. vinifera L. Garnacha Tintorera. This cultivar, also
known as Alicante Bouschet, is a teinturier cultivar which presents
excellent oenology characteristics for raisining. The production of
sweet wines from this cultivar can be a solution to recover and
enhance their culture. Previously, the group has been working
on the volatile proﬁle of white wines (González-Álvarez,
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González-Barreiro, Cancho-Grande, & Simal-Gándara, 2011a,
2011b; González-Rodríguez, Noguerol-Pato, González-Barreiro,
Cancho-Grande, & Simal-Gándara, 2011); in this case, this work
is focusing on determining and comparing the aromatic and sen-
sory proﬁles of three red Garnacha Tintorera-based wine samples
(a young wine, a naturally sweet wine and a sweet fortiﬁed wine)
in order to establish how the winemaking process and the effect of
aging could determine the quality of these wines.
2. Materials and methods
2.1. Experimental wines
Red grapes cv. Garnacha Tintorera grown in Valdeorras (Our-
ense, N.W. Spain) were harvested in September 2008 and 2010.
Three viniﬁcation experiments (a, b and c) were performed at
the experimental cellar belonging to Valdeorras DO Regulatory
Council (http://www.dovaldeorras.tv/Consejo_Regulador/Presen-
tacion_Consejo_Regulador.php). In another work, more samples
representative of each group were selected for a detailed compar-
ison of sensorial descriptors (González-Álvarez, Noguerol-Pato,
González-Barreiro, Cancho-Grande, & Simal-Gándara, submitted
for publication). The selected samples were:
2.1.1. Garnacha base wine (GBW)
Thiswine is a young redwine 2010 based on Garnacha Tintorera.
A portion of the grapes harvested were used for the development of
single varietal Garnacha Tintorera red wine following the typical
process for this kind of product: the grapes were crushed, des-
temmed and placed in a metallic fermentation vessel which were
supplied with SO2 at a 40 mg/L concentration. After 24 h, Saccharo-
myces cerevisiae commercial yeasts were inoculated. During alco-
holic fermentation–maceration, which took 10–11 days at
temperatures below 18–20 C, the mixtures were re-pressed twice
a day, and temperature and density measurements made. At the
end of the process, the wine was strained off, grape residues
pressed and the wine-must mixtures transferred to a metallic ves-
sel for malolactic fermentation under commercial lactic bacteria
(Oenococcus oeni). Finally, the wine were racked once more, sup-
pliedwith SO2 and clariﬁedwith fresh egg albumin prior to bottling.
2.1.2. Garnacha naturally sweet wine (GNSW)
This wine is a naturally sweet wine made with Garnacha Tinto-
rera grapes harvested and dehydrated in 2010. The process to get
this sweet wine was rather different to the typical Garnacha base
wine (GBW). The other portion of the harvested Garnacha red
grapes at optimum ripening stage was left in plastic boxes for
3 months to carry out the drying process in order to concentrate
sugars under controlled conditions of temperature and relative
humidity. Bunches of grapes of each box were placed in a single
layer and revised weekly removing the spoiled grapes manually
with the purpose of getting the best conditions to raisining. In
December, at ﬁrst, the grapes were crushed in the traditional man-
ner, treading the grapes with the feet to obtain the must. Then the
pressing of the formed paste was completed using a hydraulic
press of 25 kg and the must was placed in a metallic fermentation
vessel. After 24 h, S. cerevisiae Fermol Super 16 (AEB Group) yeasts
were inoculated. One week later, the alcoholic fermentation began
and it lasted one month at room temperature (around 18–20 C).
At the end of the fermentation, the wine was racked and led to very
low temperature to facilitate the settling of solid particles.
2.1.3. Garnacha sweet fortiﬁed wine (GSFW)
This wine resulted from a mixture of a Garnacha Tintorera for-
tiﬁed wine vintage 2008 and the Garnacha naturally sweet wine
(GNSW) vintage 2010. For the production of this wine, a young
red wine based on Garnacha Tintorera-2008 was employed but
the alcoholic fermentation was stopped by addition of ethanol
96% (v/v) ﬁt for human consumption when reaching 4 alcohol
and aged in French oak barrels for 2 years. Finally, this wine was
mixed with the sweet wine described in Section 2.1.2 (90:10, v/v).
2.2. Chemicals and materials
Volatile compounds were determined with chemical standards
supplied by Sigma–Aldrich (St. Louis, MO, USA) using stock stan-
dard solutions in ethanol (Noguerol-Pato, González-Barreiro,
Cancho-Grande, & Simal-Gándara, 2009).
The solvents used included dichloromethane, ethanol, methanol
and water, all purchased in HPLC-gradient grade from Panreac
(Barcelona, Spain); and anhydrous sodium sulphate for residue
analysis was also obtained from Panreac. L (+)-Tartaric acid puriss.
was obtained from Sigma–Aldrich. The sorbent material used for
solid-phase extraction (SPE) was Strata-X, 33 lm polymeric re-
versed phase (500 mg, 6 mL size) from Phenomenex (Torrance,
CA, USA). Small apparatus such as an Ultrasons-H ultrasound bath
(JP Selecta, Barcelona, Spain), a Reax Top vortex (Heidolph,
Schwabach, Germany), a Visiprep SPE Vacuum Manifold (Supelco,
Bellefonte, USA) and a Turbo Vap LV evaporator (Caliper Life
Sciences, Hopkinton, MA, USA) were also used.
2.3. Extraction procedure
A solid phase extraction (SPE) system was used for volatile con-
centration and clean-up, using the method of López, Aznar, Cacho,
and Ferreira (2002) with the following slight modiﬁcations: the
Strata-X 33 lm polymeric reversed phase sorbent was sequentially
conditioned by rinsing with methanol (17 mL) and water (20 mL at
pH 3.7) without allowing the sorbent to dry out. The sorbent was
loaded with 7 mL of wine in the case of GNSW and with 25 mL
for GBW and GSFW, diluted in all cases in a ﬁnal volume of
50 mL with water at the same pH of the wine (3.7) containing
25 lL of surrogate standard (4-nonanol at a 200 mg/L concentra-
tion in ethanol). A cleaning of the cartridge with water (20 mL at
pH 3.7) was performed after the loading. The sorbent was dried
by passing N2 for 45 min, after which volatiles were eluted with
dichloromethane (10 mL). The eluate was dried over anhydrous so-
dium sulphate, concentrated to <1 mL under an N2 stream, en-
riched with 25 lL of 2-octanol (20 mg/L in ethanol) as internal
standard and made up to 1 mL with dichloromethane prior to gas
chromatographic analysis.
2.4. Separation, identiﬁcation and quantiﬁcation procedures
Volatile compounds were separated and identiﬁed on a Trace
GC instrument equipped with a PolarisQ ion trap mass selective
detector (ITMS) that was furnished with an AS 2000 automatic
injector from Thermo Finnigan (Rodano, Italy) and interfaced to
a PC computer running Xcalibur 1.4 software from Thermo Scien-
tiﬁc. Chromatographic separations were done on an HP-Innovax
fused-silica capillary column (60 m  0.25 mm ID; 0.25 lm ﬁlm
thickness). The carrier gas, helium, was circulated at 1 mL/min
in constant ﬂow mode. A split/splitless injector was used in the
splitless mode (split time, 0.75 min). The injected volume was
2 lL and the injector temperature, 250 C. The oven temperature
programme was as follows: 45 C for 2 min; 2 C/min ramp to
225 C and holding for 15 min. The transfer line temperature
was 250 C and the ion-trap manifold temperature 200 C. The
ion energy for electron impact (EI) was 70 eV. Identiﬁcation of
the volatile compounds was achieved by comparing GC retention
times and mass spectra over the mass range 35–300 amu for the
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samples with those for pure standards analyzed under the same
conditions. Mass detection was performed in selected ion record-
ing (SIR) mode for quantiﬁcation with 2-octanol used as an inter-
nal standard. Selected ions (m/z) used for quantiﬁcation purposes
are shown in Table 1. To overcome the matrix effects and losses
during the extraction process, volatile compounds were deter-
mined by standard addition quantiﬁcation (four concentration
levels performed in triplicate) to guarantee reliable results
(Table 1).
2.5. Odour activity values (OAVs)
The contribution of each volatile compound to wine aroma was
evaluated qualitatively via its associated descriptor and quantita-
tively via its OAV. OAVs were calculated using the equation
OAV = c/t, where c is the total concentration (in lg/L) of each
compound in the wine samples and t is the odour threshold value
(in lg/L) of the compound in water/ethanol solution (Hellín,
Manso, Flores, & Fenoll, 2010); threshold values were taken from
information available in the literature (references are shown in
Table 2).
2.6. Sensory analysis
The sensory analysis of the Garnacha Tintorera-based wine
samples described in Section 2.1 was performed in a professional
room set in accordance with ISO 8589 (2007) in order to facilitate
the tasters’ task of identifying descriptors. The room, located in the
headquarters of the Valdeorras DO Regulatory Council, has 12 iso-
lated tasting booths and optimal conditions for the sensory evalu-
ation of wine. Wines were analyzed for sensory aroma quality in
terms of the descriptors speciﬁed in Table 3. Evaluations were done
by eleven trained panellists and experienced tasters afﬁliated with
the Valdeorras DO who take part regularly in sensory analyses of
Valdeorras wines held on a weekly basis.
A constant volume of 30 mL of each wine was evaluated in
wine-taster glasses at 12 C in accordance with ISO 3591 (1977).
The sensory judges smelled and tasted the different wines, noted
the speciﬁc descriptors perceived and rated the intensity of each
sensory attribute on a ﬁve-point scale, where 0 indicated that the
descriptor was not perceived, and values 1–5 that its intensity
was very low, low, medium, high and very high, respectively. The
descriptors for each wine were classiﬁed by comparing the relative
intensity of each (viz. the intensity value given by a panel taster for
each descriptor with respect to the maximum possible value, ex-
pressed as a percentage).
2.7. Statistical treatment
Partial least squares regression (PLS) was implemented by using
the statistical package Unscrambler v. 9.1 for Windows (CAMO
Software, Oslo, Norway). PLS-2 is a method for relating two data
matrices, say X and Y, through a linear multivariate model. The idea
is to relate a matrix of responses Y to the predictor variables of ma-
trix X. To this end, matrix X is successively deﬂated; PLS-2 seeks
the directions in the X- and Y-spaces corresponding to the
maximum covariance. In this way, PLS-2 forms ‘‘new X-variables’’
as linear combinations of the original ones which are then related
to Y-scores via a linear model (Pereira, Reis, Saraiva, & Marques,
2010). Our X variables included the mean value of each mouth-
detected variable and were the indicator ones; and our Y variables
were the nose-detected attributes and were those to be predicted
with the PLS-2 model.
3. Results and discussion
3.1. Pattern of volatile compounds
A total of 70 compounds were identiﬁed in the volatile fraction
of Garnacha Tintorera-based wines (GBW, GNSW and GSFW): 9
terpenes, 2 norisoprenoids, 10 alcohols, 7 acids, 15 esters, 1 ketone,
5 aldehydes, 12 volatile phenols, 8 lactones and 1 sulphur com-
pound. Concentrations of volatile compounds responsible for the
aroma of the studied wines classiﬁed into different chemical
groups are shown in Table 4.
3.1.1. Terpenes
These compounds belong to the secondary plant constituents
which biosynthesis begins with acetyl-coenzyme A (CoA). In
GNSW, concentrations of linalool and terpinen-4-ol decreased re-
spect to the GBW, while a-terpineol, nerol and geranic acid were
not found. According to several authors, concentration of monoter-
penes in grape gradually rises until maturity after which concen-
trations fall off (Gunata, Bayonove, Baumes, & Cordonnier, 1985).
This fact could explain the results obtained for some volatile com-
pounds belonging to this chemical class as the GNSW was made
from overripe grapes. On the contrary, geraniol, b-citronellol and
trans, trans-farnesol highly increased in GNSW, especially geraniol
whose concentration was 3.7 times higher. The high levels of these
three terpenes could be due to the structural degeneration of the
skin where they are basically located (Genovese, Gambuti, Piombi-
no, & Moio, 2007) or to the pre-concentration of these compounds
during the drying process (Moreno et al., 2008).
Comparing the terpene content of GSFW respect to GBW, it was
observed lower concentrations for almost all compounds detected.
Karagiannis, Economou, and Lanaridis (2000) found that the free
concentrations of some terpenes (linalool, citronellol, nerol and
geraniol) decreased during prolonged ageing in wood, although
these decreases can be in some cases counteracted by hydrolysis
of glycosylated terpenes during the same period.
3.1.2. Norisoprenoids
Two compounds belonging to this group (b-ionone and dama-
scenone) were detected in the studied wines and they come from
the degradation of carotenoid molecules, their precursors, which
are unstable in presence of oxygen, elevated temperatures and
exposure to the sun (Rapp & Marais, 1993). In this case, contents
were lower in the sweet wines (GNSW and GSFW) than in GBW.
Silva-Ferreira and Guedes de Pinho (2004) also evaluated norisopr-
enoids proﬁle during port wine ageing and showed that young port
wines have higher contents on these two compounds than old bar-
rel aged port wines.
3.1.3. Alcohols
These odorants are by-products of yeast fermentation and their
levels in the ﬁnal wine depend on factors such as grape must, yeast
strain, fermentation conditions and/or ageing in wood (Câmara,
Alves, & Marques, 2006). The main alcohols after ethanol were iso-
amyl alcohols and 2-phenylethanol, in agreement with other
authors (Perestrelo, Fernandes, Albuquerque, Marques, & Câmara,
2006). The next most abundant alcohol was 1-hexanol in GBW
and GSFW but it was not detected in GNSW. The undetectable con-
tents of C6 alcohols in wines from dried grapes reveal a low lipoxy-
genase activity in the berry during off-vine drying (Franco,
Peinado, Medina, & Moreno, 2004). Alcohol levels were in most
cases lower in the sweet wines. In the case of GNSW, the lower
metabolic activity of the yeasts as a consequence of high glutamic
acid content could explain this lower content (Kliewer, 1968). In
the case of GSFW, the stoppage of alcoholic fermentation by
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Table 1
Volatile compound target ions (m/z) for quantiﬁcation purpose and concentration ranges (lg/L) used for standard addition with their respective coefﬁcient of correlation (r2).
Volatile compounds m/z (% Relative abundance) GBW (lg/L) r2 GNSW (lg/L) r2 GSFW (lg/L) r2
Terpenes
(±)-Limonene 67 (99.9) + 93 (36.5) 20–80 0.992 25–100 0.952 10–40 0.996
(±)-Linalool 91 (96.2) + 93 (95.2) 20–80 0.974 10–40 0.994 10–40 0.994
a-Terpineol 93 (99.9) + 121 (76.5) 20–80 0.999 10–40 nd 10–40 0.993
(±)-b-Citronellol 67 (99.9) + 81 (61.8) 20–80 0.995 75–300 0.981 10–40 0.998
Nerol 67 (52.5) + 93 (42.3) 20–80 0.982 25–100 nd 10–40 nd
Geraniol 67 (46.2) 150–600 0.998 200–800 0.997 75–300 1.00
trans, trans-Farnesol 81 (61.9) + 161 (17) 20–80 nd 75–300 0.994 10–40 nd
()-Terpinen-4-ol 91 (80.9) + 93 (99.9) 20–80 0.998 25–100 0.990 10–40 0.996
Geranic acid 69 (23.1) + 123 (71.2) 50–200 0.992 25–100 nd 10–40 nd
cis-Linalool oxide 79 (90.4) + 93 (99.5) 20–80 nd 10–40 nd 10–40 0.994
trans-Linalool oxide 79 (99.5) + 93 (99.9) 20–80 nd 10–40 nd 10–40 0.993
Norisoprenoids
b-Ionone 177 (99.9) 20–80 0.996 10–40 0.991 10–40 1.000
Damascenone 105 (57.4) + 121 (99.9) 20–80 0.990 10–40 nd 10–40 0.998
Alcohols
1-Hexanol 45 (0.8) + 55 (26.3) 1000–4000 0.998 200–800 nd 750–3000 0.994
trans-3-Hexen-1-ol 41 (91.6) + 67 (99.9) 20–80 0.986 10–40 0.995 25–100 1.000
cis-3-Hexen-1-ol 41 (52.4) + 67 (99.9) 20–80 0.989 10–40 0.991 25–100 0.995
trans-2-Hexen-1-ol 41 (94.6) + 67 (99.9) 20–80 nd 10–40 nd 25–100 0.989
2-Methyl-1-propanol (or isobutanol)b 41 (99.9) + 67 (0.5) 400–1600 0.992 2500–10,000 0.956 200–800 0.975
2-+3-Methyl-1-butanol (or isoamyl alcohols)a,b,c 39 (99.9) + 41 (86.2) + 43 (9.4) + 55
(85.1)
10,000–
40,000
0.938 10,000–
40,000
0.928 10,000–
40,000
0.984
1-Butanol 39 (80.9) + 41 (99.9) + 43 (7.8) + 55
(16.5)
50–200 0.999 200–800 0.978 25–100 0.957
Benzyl alcohol 79 (99.9) + 108 (20.0) 400–1600 0.999 200–800 0.987 75–300 0.992
2-Phenylethanola,b,c 91 (99.9) + 92 (59.9) 5000–20,000 0.984 5000–20,000 0.995 5000–20,000 0.988
1-Octanol 41 (99.9) + 55 (76.3) 20–80 0.978 75–300 0.968 10–40 0.983
Acids
n-Butanoic acid (or butyric acid) 60 (72.4) + 73 (26.9) 400–1600 0.985 500–2000 0.989 75–300 0.979
2-Methylpropanoic acid (or isobutyric acid) 41 (96.0) + 55 (39.9) 50–200 0.992 1000–4000 0.969 200–800 0.959
3-Methylbutanoic acid (or isovaleric acid) 42 (94.0) + 60 (81.0) 400–1600 0.990 1000–4000 0.971 200–800 0.989
n-Hexanoic acid (or caproic acid)a 60 (99.9) 5000–20,000 0.975 1000–4000 0.973 750–3000 0.988
n-Octanoic acid (or caprylic acid) 55 (90.1) + 60 (64.6) + 101 (21.5) 1000–4000 0.989 200–800 0.981 200–800 0.976
Decanoic acid (or capric acid) 87 (79.1) + 129 (34.6) 1000–4000 0.997 75–300 0.997 25–100 0.996
Benzoic acidb 105 (99.9) 400–1600 1.000 5000–20,000 0.969 200–800 0.999
Esters and acetates
Ethyl butanoate (or ethyl butyrate) 55 (46.1) + 61 (28.3) + 88 (10.3) 400–1600 0.987 75–300 0.998 75–300 0.968
Ethyl hexanoate (or ethyl caproate) 39 (54.7) + 41 (68.0) + 43 (99.9) + 55
(91.5)
400–1600 0.994 75–300 0.991 200–800 0.988
Ethyl octanoate (or ethyl caprylate) 45 (16.5) + 55 (99.9) 400–1600 0.998 75–300 0.981 75–300 0.983
Ethyl 3-hydroxybutyrate 43 (99.9) + 117 (10.0) 150–600 0.999 200–800 0.996 25–100 0.988
Ethyl decanoate 157 (27.0) 20–80 0.992 25–100 0.960 10–40 0.996
Diethyl succinatea,c 101 (99.9) + 129 (23.6) 5000–20,000 0.988 500–2000 0.998 5000–20,000 0.993
Ethyl dodecanoate (or ethyl laurate) 157 (31.3) + 185 (21.5) 20–80 0.997 75–300 0.986 10–40 0.998
Ethyl (R)-2-hydroxypropanoate (or ethyl lactate) 45 (99.9) + 55 (1.0) 1000–4000 0.990 500–2000 0.928 750–3000 0.989
Ethyl tetradecanoate (or ethyl myristate) 157 (85.6) + 213 (79.7) 20–80 0.985 75–300 0.990 10–40 nd
Ethyl (±)-2-methylbutyrate 41 (99.9) + 57 (62.5) 20–80 0.958 75–300 0.996 25–100 0.989
Ethyl isovalerate 41 (99.9) + 57 (82.4) 50–200 0.979 10–40 0.998 25–100 0.959
Diethyl malatea,c 43 (99.9) + 117 (80.2) 400–1600 0.990 2500–10,000 nd 15,000–
60,000
0.987
3-Methyl-1-butyl acetate (or isopentyl acetate) 39 (29.7) + 41 (25.8) + 43 (99.9) + 55
(63.7)
1000–4000 0.984 200–800 0.982 75–300 0.985
Hexyl acetate 39 (39.7) + 41 (86.3) + 43 (99.9) + 55
(24.1)
20–80 0.964 25–100 0.909 75–300 0.984
2-Phenylethyl acetate 78 (47.5) + 104 (99.9) 50–200 0.999 25–100 0.984 10–40 0.996
Ketones
3-Hydroxy-2-butanone (or acetoin) 43 (51.1) + 45 (99.9) 20–80 0.968 200–800 0.986 10–40 nd
Aldehydes
Benzaldehyde 77 (85.2) + 105 (99.9) 150–600 0.998 500–2000 0.998 75–300 0.970
Hexanal 41 (92.8) + 67 (38.4) 20–80 0.999 10–40 nd 10–40 0.994
2-Furfuraldehyde (or 2-furfural) 95 (99.9) + 96 (45.5) 20–80 0.996 175–750 0.987 200–800 0.986
5-Methylfurfural 109 (99.9) + 110 (77.5) 20–80 nd 10–40 0.998 200–800 0.989
Phenylacetaldehyde 91 (99.9) + 92 (59.3) 20–80 1.000 10–40 0.919 10–40 0.994
Volatile phenols
4-Ethylphenol 107 (99.9) + 122 (25.3) 20–80 0.994 10–40 0.998 10–40 0.998
4-Vinylphenol 120 (99.9) 20–80 0.967 25–100 0.987 10–40 0.997
Guaiacol 109 (79.9) + 124 (99.9) 20–80 0.995 75–300 0.992 25–100 0.991
4-Ethyl-2-methoxyphenol (or 4-ethylguaiacol) 137 (99.9) + 152 (52.2) 20–80 0.998 10–40 0.987 10–40 0.997
2-Methoxy-4-vinyl phenol (or 4-vinylguaiacol) 135 (66.9) + 150 (99.9) 20–80 0.981 10–40 0.979 25–100 0.990
Eugenol 149 (39.0) + 164 (99.9) 20–80 0.998 10–40 0.995 25–100 1.000
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addition of ethanol 96% having not fermented all natural sugars
could also explain this lower content.
3.1.4. Acids
Within the fatty acid group, two behaviours were observed in
GNSW: while isobutyric acid, isovaleric acid, and benzoic acid con-
tents increased signiﬁcantly respect to GBW (95%, 62% and 71%,
respectively), caproic, caprylic and capric acids sharply decreased
respect to GBW (87%, 88% and 89%, respectively). Except for isova-
leric, benzoic and isobutyric acids, levels in GBW were higher than
in GSFW.
3.1.5. Esters and acetates
Such it was described above, something similar happened with
esters (esters of fatty acids and acetates, are also by-products of
yeast fermentation). Esters make a positive contribution to the
general quality of wine being responsible for their ‘‘fruity’’ sensory
properties. Sweet wines showed the lowest concentrations of ethyl
esters of fatty acids, especially from 6 to 10 carbon atoms due to
the lower metabolic activity of yeasts (for GNSW) and the stoppage
of alcoholic fermentation (for GSFW). Diethyl succinate, isopentyl
acetate and ethyl lactate were the most abundant esters in GBW
and reported a decline of 86%, 87% and 62%, respectively, in GNSW.
On the contrary, diethyl succinate, diethyl malate and ethyl lactate
levels were higher in GSFW than in GBW. Other esters such
as ethyl 3-hydroxybutyrate, ethyl laurate, ethyl myristate, ethyl
(+/)-2-methylbutyrate and hexyl acetate showed a slight increase
in GNSW; however this behaviour did not change the trend of this
group.
3.1.6. Ketones
Other compounds such as acetoin showed a signiﬁcant increase
in GNSW respect to GBW and it was not detected in GSFW. Acetoin
is formed during fermentation by the microbial activity of lactic
acid bacteria and yeasts. According to Guymon and Crowell
(1965) the acetoin content of sweet wines was much higher than
that of the corresponding dry wines produced by complete fermen-
tation which agree with this work. Franco and co-workers (2004)
also identiﬁed acetoin in Pedro Ximénez wines and these authors
ascribed their presence to the anaerobic metabolism of grapes dur-
ing the drying process. Ruiz, Zea, Moyano, and Medina (2009) stud-
ied the aroma active compounds during the drying of grapes cv.
Pedro Ximénez destined to the production of sweet Sherry wine
conﬁrming that acetoin was the odorant with the highest content
at the end of the sun-drying process.
3.1.7. Aldehydes
Among these compounds, 2-furfural (characterized by a toasted
almond odour) and 5-methylfurfural were the two compounds
which contents were increased in sweet wines (GNSW and GSFW)
respect to the base wine (GBW). 2-Furfural appears in the naturally
sweet and sweet fortiﬁed Garnacha wines at a concentration 6.4
and 176 times higher than in Garnacha base wine, respectively;
and 5-methylfurfural, 1.6 and 149 times higher, respectively.
Some authors have found a clear increase of these compounds
during ageing in wood (Garci´a-Parrilla, Heredia, & Troncoso,
1999). Furanic compounds are formed by degradation of carbohy-
drates during toasting of the barrel. 2-Furfural is produced when
pentoses (xylose) are heated and 5-methylfurfural arises from
rhamnose.
Therefore, the ageing in wood (age of barrel, degree of toasting)
in addition to the process of production (with an initial stage of
drying of the grapes) (Schneider, Baumes, Bayonove, & Razungles,
1998) should explain the high content in both compounds found
for these particular wines.
3.1.8. Volatile phenols
The identiﬁcation of volatile phenols in wine (4-vinylphenol,
4-vinylguaiacol, 4-ethylphenol and 4-ethylguaiacol) can have an
inﬂuence on the aroma of the wine. It was found that S. cerevisiae
was only able to convert the hydroxycinnamic acids, p-coumaric
and ferulic acids to 4-vinylphenol and 4-vinylguaiacol, respec-
tively, and could not produce the ethyl derivatives. However, other
yeast strains that are naturally present on the grapes and in the
winery such as Brettanomyces yeasts can also contribute to the pro-
duction of volatile phenols (Gerbaux, Vincent, & Bertrand, 2002). In
addition to the metabolic activity of yeasts, other factors such as
oak maturation can also increase the amounts of volatile phenols
Table 1 (continued)
Volatile compounds m/z (% Relative abundance) GBW (lg/L) r2 GNSW (lg/L) r2 GSFW (lg/L) r2
Isoeugenol 149 (32.9) + 164 (99.9) 20–80 0.996 200–800 0.991 10–40 0.999
2,6-Dimethoxiphenol (or syringol) 139 (49.9) + 154 (99.9) 20–80 0.989 10–40 0.993 75–300 0.994
m-Cresol 107 (89.3) 20–80 0.997 10–40 0.994 10–40 0.998
Acetovanillonea 151 (99.9) + 152 (9.6) 400–1600 0.999 200–800 0.987 200–800 0.995
Ethyl vanillatea,b 151 (99.9) + 152 (12.7) 400–1600 0.996 1000–4000 0.994 750–3000 0.992
Vanillin 151 (99.9) + 152 (92.5) 20–80 0.994 75–300 0.973 750–3000 0.986
Lactones
c-Butyrolactone 41 (99.9) + 42 (55.2) 20–80 nd 75–300 0.967 10–40 nd
c-Hexalactone 57 (81.8) + 85 (99.9) 20–80 0.992 75–300 0.996 10–40 0.996
c-Nonalactone 57 (54.3) + 85 (99.9) 50–200 0.991 25–100 nd 200–800 0.995
c -Decalactona 57 (46.7) + 85 (99.9) 20–80 nd 10–40 0.979 10–40 nd
(R)-()-Pantolactone 43 (97.0) + 71 (60.9) 20–80 nd 200–800 0.909 75–300 0.906
trans-Whiskylactone 71 (47.2) + 99 (49.0) 20–80 nd 10–40 nd 750–3000 0.996
cis-Whiskylactone 71 (47.2) + 99 (49.0) 20–80 nd 10–40 nd 750–3000 0.990
4,5-Dimethyl-3-hydroxy-2(5H)-furanone (or
sotolon)
83 (99.9) + 128 (24.4) 20–80 nd 75–300 0.996 10–40 nd
Sulphur compounds
Methionol 88 (57.4) + 106 (53.1) 50–200 0.979 10–40 nd 10–40 nd
Internal standards
2-Octanol 45 (99.9) + 55 (66.3)
4-Nonanol 55 (99.9) + 83 (48.2)
nd: Not detected.
a Volatile compounds which quantiﬁcation was carried out by dilution of the extract from GBW.
b Volatile compounds which quantiﬁcation was carried out by dilution of the extract from GNSW.
c Volatile compounds which quantiﬁcation was carried out by dilution of the extract from GFSW.
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in wine (Chatonnet, Dubourdieu, & Boidron, 1995). In this study,
the total content of 4-ethylphenol, 4-vinylphenol, 4-ethylguaiacol,
and eugenol were higher in the base wine (GBW) than in sweet
wines (GNSW and GSFW). Possibly the conversion of hydroxycin-
namic acids by microorganisms could be the origin of these odor-
ants. In GNSW, hydroxycinnamic acids can be enzymatic oxidized
during the drying process of grapes and lead to brown pigments
(Karadeniz, Durst, & Wrolstad, 2000); this fact could explain the
low content of these compounds in sweet wines except for isoeu-
genol and syringol. Finally, the contribution of the oak barrel is
minimal in these volatile compounds due to there has been no
drastically increase in GSFW.
Vanillin derivatives such as acetovanillone, ethyl vanillate, and
vanillin are mainly wood-extractable compounds which were
mainly extracted in the ﬁrst months of ageing after that, levels re-
mained more or less constant or decreased slightly. Although these
compounds were identiﬁed in the three Garnacha wines, higher
levels were detected in GSFW (368 lg/L for acetovanillone,
2518 lg/L for ethyl vanillate and 7164 lg/L for vanillin), except
for acetovanillone, due to the ageing process in barrel. The most
Table 2
Mean (n = 2) of the odour activity values (OAVs) and odorant series for de odour-active compounds in base Garnacha base wine (GBW), Garnacha naturally sweet wine (GNSW)
and Garnacha sweet fortiﬁed wine (GSFW).
Volatile compound Odour descriptora Odour thresholda (lg/L) OAVs
GBW GNSW GSFW
Floral
(±)-Linalool Floweryb, muscatb 25.2n 4.1 0.14 0.13
Geraniol Citricc, geraniumc 30n 4.9 18 5.5
trans, trans-Farnesol Lemond, anised, ﬂorald, peachd, honeyd, pollend, raspberryd 20g – 4.0 –
()-Terpinen-4-ol Flowerse 5o 28 8.8 2.2
b-Ionone Balsamicf, rosef, violetf 0.09n 92 33 6.8
Damascenone Exotic ﬂowersg, stewed appleg, teag 0.05n 708 – 29
2-Phenylethanol Rosesh, honeyh 14,000n 4.4 0.60 0.96
Benzoic acid Floralc 1000b 3.1 11 3.6
Isoeugenol Floralb 6b 6.8 26 1.2
Phenylacetaldehyde Floralb, honeyb 1j 11 13 13
Fruity
(±)-Limonene Fruityi, lemoni 15i 0.42 1.5 0.65
Ethyl butyrate Bananaf, pineapplef, strawberryf 20n 36 9.8 0.03
Ethyl caproate Bananaf, green applef 14n 49 16 15
Ethyl caprylate Bananaf, pineapplef, pearf, ﬂoralf 5n 205 31 32
Ethyl decanoate Fruityd, fattyd, pleasantd 200n 2.1 0.49 0.050
Ethyl (±)-2-methylbutyrate Fruityb, green appleb 18n 1.1 4.8 2.6
Ethyl isovalerate Fruityj, lemonj, anisej 3n 55 5.1 7.8
Diethyl malate Fruityf 10,000o 0.046 – 2.3
Isopentyl acetate Bananab 30n 58 7.7 4.3
Fermented (chemical, fatty)
Isoamyl alcohols Alcoholf, nail polishf 65,000f 1.5 0.42 0.84
Butyric acid Cheeseh, rancidh 173n 4.0 4.5 1.0
Isovaleric acid Cheesef, rancidf 33.4n 11 28 15
Caproic acid Cheesef, fattyf 420n 9.2 1.2 2.8
Caprylic acid Rancidd, cheesed, fatty acidd 500n 5.5 0.67 1.7
Capric acid Fatty acidb 1000n 1.0 0.11 0.11
Caramelized (sweet, candy)
Ethyl vanillate Vanillak, honeyk 990b 0.54 1.0 2.5
Vanillin Vanillab 60b 3.6 1.2 119
c-Nonalactone Coconutl 30n 1.0 – 18
trans-Whiskylactone Coconutb, peachb 790b – – 1.3
cis-Whisky lactone Coconutb 67b – – 37
Sotolon Spicyb, caramelm, pralinem, currym 5g – 15 –
Vegetal (roasted, smoky, woody)
Guaiacol Smokyk, hospitalk 9.5n 2.1 12 6.6
4-Ethylguaiacol Smokyf, toasted breadf, clovef 33n 4.3 0.24 0.65
4-Vinylphenol Almond shellb 180b 3.8 0.12 0.026
Spicy
Eugenol Cinnamonf, clovef, woodf 6n 8.6 0.46 0.70
a Odour descriptor and odour threshold reported in the literature.
b Culleré, Escudero, Cacho, and Ferreira (2004).
c Souid, Hassene, Sanchez-Palomo, Perez-Coello, and Ghorbel (2007).
d Li, Tao, Wang, and Zhang (2008).
e Ugliano and Moio (2008).
f Moyano, Zea, Moreno, and Medina (2002).
g Genovese et al. (2007).
h Franco et al. (2004).
i Noguerol-Pato et al. (2009).
j Gómez-Míguez, Cacho, Ferreira, Vicario, and Heredia (2007).
k Escudero, Campo, Faria, Cacho, and Ferreira (2007).
l Perestrelo et al. (2006).
m Bailly, Jerkovic, Meurée, Timmermans, and Collin (2009).
n Ferreira, López, and Cacho (2000).
o Zea, Moyano, Moreno, Cortés, and Medina (2001).
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Table 3
Means of relative intensities for the sensorial descriptors obtained.
Senses Attribute codes Attributes Samples
GBW GNSW GSFW
Sight S1 Limpidness 53.3 56.3 43.7
S2 Colour intensity 70.0 75.0 100.0
S3 Colour shade 51.0 51.25 35.0
Nose N1 Odour Intensity 63.6 80.0 72.2
N2 Odour Persistence 60.0 71.1 68.9
N3 Odour Fineness 63.0 75.6 71.1
N4 Fruity-Citrics 0.0 7.3 7.3
N5 Fruity-Berries 47.3 38.2 47.3
N6 Fruity-Mediterranean fruit 12.7 21.8 12.7
N7 Fruity-Tropical fruit 7.3 5.5 0.0
N8 Fruity-Nuts 0.0 14.5 14.5
N9 Fruity-Dried fruit 12.7 45.5 76.0
N10 Floral-Orange ﬂowers 0.0 0.0 1.8
N11 Floral-Violet 10.9 20.0 3.6
N12 Floral-Rose 9.1 9.1 0.0
N13 Floral-Geranium 10.9 0.0 0.0
N14 Floral-Broom 0.0 5.5 3.6
N15 Vegetal-Grass 5.5 0.0 10.9
N16 Vegetal-Wood 1.8 49.1 7.3
N17 Vegetal-Burnt wood 3.6 14.5 9.1
N18 Vegetal-Olive 10.9 9.1 43.6
N19 Vegetal-Phenolic 5.5 16.4 7.3
N20 Spicy-Vanilla 0.0 44.5 7.3
N21 Spicy-Cinnamon 1.8 3.6 0.0
N22 Spicy-Hot spices 10.9 7.3 0.0
N23 Spicy-Liquorice 9.1 5.5 7.3
N24 Spicy-Clove 20.0 20.0 9.1
N25 Caramelized-Caramel 1.8 41.8 18.2
N26 Caramelized-Chocolate 3.6 45.5 27.3
N27 Caramelized-Honey 0.0 29.1 23.6
N28 Fermented-Cheese 7.3 0.0 5.5
N29 Fermented-Butter 1.8 7.3 1.8
N30 Fermented-Sour dough 0.0 0.0 1.8
Mouth M1 Aroma intensity 56.0 76.0 76.0
M2 Aroma persistence 60.0 72.0 72.0
M3 Sweetness 27.3 62.0 98.0
M4 Acidity 46.7 52.0 47.5
M5 Bitterness 37.3 20.0 28.9
M6 Astringency 58.0 48.9 28.9
M7 Viscosity 42.2 55.6 57.5
M8 Silkiness 32.5 57.5 55.6
M9 Fruity-Citrics 0.0 3.6 10.9
M10 Fruity-Berries 41.8 40.0 40.0
M11 Fruity-Mediterranean fruit 3.6 23.6 18.2
M12 Fruity-Tropical fruit 0.0 1.8 0.0
M13 Fruity-Nuts 5.5 12.7 9.1
M14 Fruity-Dried fruit 16.4 54.5 70.0
M15 Floral-Orange ﬂowers 0.0 0.0 1.8
M16 Floral-Violet 9.1 10.9 3.6
M17 Floral-Rose 0.0 7.3 0.0
M18 Floral-Geranium 14.5 0.0 7.3
M19 Floral-Broom 1.8 0.0 5.5
M20 Vegetal-Grass 9.1 7.3 0.0
M21 Vegetal-Wood 1.8 32.7 7.3
M22 Vegetal-Burnt wood 3.6 29.1 3.6
M23 Vegetal-Olive 14.5 1.8 21.8
M24 Vegetal-Phenolic 1.8 34.5 12.7
M25 Spicy-Vanilla 0.0 30.9 5.5
M26 Spicy-Cinnamon 0.0 10.9 1.8
M27 Spicy-Hot spices 3.6 9.1 0.0
M28 Spicy-Liquorice 5.5 5.5 0.0
M29 Spicy-Clove 21.8 27.3 0.0
M30 Caramelized-Caramel 1.8 40.0 46.4
M31 Caramelized-Chocolate 3.6 34.5 27.3
M32 Caramelized-Honey 0.0 16.4 29.1
M33 Fermented-Cheese 5.5 0.0 3.6
M34 Fermented-Butter 3.6 3.6 0.0
M35 Fermented-Sourdough 0.0 0.0 0.0
Overall O1 Quality 32.5 71.1 51.1
Table 4
Quantitative data of volatile compounds identiﬁed in the base Garnacha base wine
(GBW), Garnacha naturally sweet wine (GNSW) and Garnacha sweet fortiﬁed wine
(GSFW).
Volatile compound Concentration (lg/L) ± SDa
GBW GNSW GSFW
Terpenes
(±)-Limonene 6.3 ± <0.1 23 ± 11 9.7 ± 2.1
(±)-Linalool 103 ± 10 3.6 ± 0.2 3.3 ± 0.1
a-Terpineol 34 ± 3 nd 13 ± <1
(±)-b-Citronellol 51 ± <1 95 ± 20 19 ± 3
Nerol 68 ± 7 nd nd
Geraniol 148 ± 27 549 ± 91 164 ± 9
trans, trans-Farnesol nd 80 ± 3 nd
()-Terpinen-4-ol 140 ± 21 44 ± 2 11 ± <1
Geranic acid 46 ± <1 nd nd
R Terpenes 596 795 220
Norisoprenoids
b-Ionone 8.3 ± <0.1 3.0 ± 0.6 0.6 ± <0.1
Damascenone 35 ± 5 nd 1.5 ± <0.1
R Norisoprenoids 43 3.0 2.1
Alcohols
1-Hexanol 3141 ± 69 nd 2233 ± 605
trans-3-Hexen-1-ol 37 ± <1 9.6 ± 1.4 67 ± 8
cis-3-Hexen-1-ol 49 ± <1 8.2 ± 3.9 65 ± 8
Isobutanol 378 ± <1 6035 ± 719 192 ± 70
2 + 3-Methyl-1-butanol 95,112 ± 1716 27,534 ± 1843 54,565 ± 3424
1-Butanol 51 ± <1 568 ± 91 29 ± 2
Benzyl alcohol 567 ± 37 134 ± 1 164 ± 1
2-Phenylethanol 62,243 ± 9909 8423 ± 326 13,458 ± 493
1-Octanol 62 ± <1 75 ± 7 21 ± 1
R Alcohols 161,640 42,787 70,794
Acids
Butyric acid 699 ± <1 772 ± 79 179 ± 3
Isobutyric acid 122 ± <1 2253 ± 624 199 ± 5
Isovaleric acid 353 ± <1 934 ± 73 506 ± 45
Caproic acid 3867 ± 217 519 ± 24 1185 ± 25
Caprylic acid 2750 ± 308 333 ± 2 835 ± 7
Capric acid 1022 ± 49 106 ± 2 113 ± <1
Benzoic acid 3061 ± 129 10,625 ± 676 3612 ± 441
R Acids 11,874 15,542 6629
Esters and acetates
Ethyl butyrate 714 ± 59 197 ± 1 138 ± 1
Ethyl caproate 691 ± 138 224 ± 26 208 ± 13
Ethyl caprylate 1025 ± 234 153 ± 8 159 ± 1
Ethyl 3-hydroxybutyrate 81 ± <1 204 ± 14 48 ± 1
Ethyl decanoate 421 ± 33 99 ± 3 10 ± <1
Diethyl succinate 3492 ± 66 476 ± 27 9584 ± 123
Ethyl laurate 70 ± 13 143 ± 2 8.3 ± 1.1
Ethyl lactate 1607 ± 284 612 ± 121 2446 ± 564
Ethyl myristate 77 ± 8 166 ± 5 nd
Ethyl (±)-2-
methylbutyrate
19 ± <1 87 ± 18 46 ± 6
Ethyl isovalerate 165 ± 9 15 ± 1 23 ± <1
Diethyl malate 461 ± <1 nd 23,019 ± 466
Isopentyl acetate 1754 ± 104 232 ± 44 128 ± 12
Hexyl acetate 6.6 ± <0.1 21 ± 5 190 ± 28
2-Phenylethyl acetate 53 ± 4 31 ± <1 25 ± <1
R Esters and acetates 10,637 2660 36,032
Ketones
Acetoin 6.6 ± <0.1 122 ± 8 nd
R Ketones 6.6 122 nd
Aldehydes
Benzaldehyde 144 ± <1 147 ± 2 113 ± <1
Hexanal 13 ± 9 nd 14 ± <1
2-Furfural 5.3 < 0.1 34 ± 5 932 ± <1
5-Methylfurfural nd 1.6 ± <0.1 149 ± 1
Phenylacetaldehyde 11 ± 1 13 ± 2 13 ± 1
R Aldehydes 173 196 1221
Volatile phenols
4-Ethylphenol 252 ± 53 7.3 ± 0.3 2.2 ± 0.1
4-Vinylphenol 691 ± 145 21 ± <1 4.6 ± 0.1
Guaiacol 20 ± <1 113 ± 22 63 ± 7
4-Ethylguaiacol 142 ± 28 7.9 ± 0.2 22 ± <1
(continued on next page)
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important compound of this group in terms of its contribution to
wine aroma is vanillin.
3.1.9. Lactones
An important increase for these compounds was observed in
GNSW respect to GBW, especially for c-butyrolactone, c-hexalac-
tone, (R)-()-pantolactone, c-decalactone and sotolon. It is well
known that lactones are formed by cyclization of the corresponding
c-hydroxycarboxylic acids (Perestrelo et al., 2006), but some c- and
d-lactones were identiﬁed as key compounds in botrytised grapes
(Genovese et al., 2007). Sotolon, synthesized as a consequence of
the use of overripe grapes and theMaillard reactions during the dry-
ing process, was only identiﬁed in GNSW. This behaviour was also
reported by Genovese et al. (2007) in Fiano sweet wines. This com-
pound (green nut, curry), usually detected in high levels in Jerez,
Tokaji and Jura wines, has also been previously identiﬁed in Garna-
cha sweet wines (Guichard, Pham, & Etievant, 1993).
On the contrary, when GSFW was compared with the two pre-
vious wines (GBW and GNSW), the presence of c-nonalactone, and
whisky lactones (ﬁrst identiﬁed) derives exclusively from the oak
wood during the aging process due to the high alcoholic level facil-
itates the extraction of these ‘‘wood compounds’’, as well as vola-
tile phenols (Maga, 1989).
3.1.10. Sulphur compounds
Finally, sulphur volatile compounds represent an important
family of volatile compounds in wines which have only been high-
lighted recently due to the low concentrations found. Their role is a
paradoxical one in that they can be responsible for organoleptic
defects or contribute to the typical characteristics of the varietal
aroma of wines. Methionol is the only sulphur compound identi-
ﬁed in GBW which is formed by yeast from methionine which
undergoes successive deamination and decarboxylation (Ehrlich
reaction), producing methional and then methionol (Darriet,
Lavigne-Cruege, & Tominaga, 1999).
3.2. Aroma proﬁle analysis
All the volatile compounds contribute to wine odour and
those that posses a higher OAV (with OAV > 1) are those that
will be responsible for the main odorant notes of wines (Guth,
1997). In this sense, OAVs were estimated for all volatile com-
pounds in the three Garnacha-based wines; active-odorants
(with OAV > 1) with their respective descriptors are shown in
Table 2. The aromatic proﬁle or aromagrams of wines can be
established by grouping odour-active compounds (OAV > 1, in
at least one of the wines studied) with similar descriptors into
odorant series (ﬂoral, fruity, fermented, caramelized, vegetal
and spicy), such it was proposed by other authors (Franco
et al., 2004; Zea, Moyano, Moreno, Cortés, & Medina, 2001). In
Fig. 1, the aromagrams of three Garnacha-base wines are shown.
In general, the aroma proﬁle changes with dehydration (for
GNSW) and with switched off of alcoholic fermentation with
ethanol 96% (v/v) followed by oak barrel aging (for GSFW) such
it follows.
Floral and fruity series were the main odorant series in Garna-
cha base wine (GBW, Fig. 1a, Table 2). Within the ﬂoral series, b-io-
none (with an OAV = 92) and damascenone (with and OAV = 708)
played an important role on the varietal character of this young
red wines. They are widely recognized as key odorants in Grenache
rose wines (Ferreira, Ortin, Escudero, López, & Cacho, 2002) due to
their lower low perception olfaction threshold (0.09 and 0.05 lg/
mL for b-ionone and damascenone, respectively). Their presence
increases the violet and rose notes in GBW. Monoterpenoids com-
pounds, particularly terpinen-4-ol, also contributed to the aroma
of this wine; and other volatile compounds (linalool, geraniol, 2-
phenylethanol and isoeugenol) contributed to a lesser extent.
Within the fruity series (with nuances such as banana, green apple
or pineapple), ethyl esters of fatty acids with a fermentative origin
strongly inﬂuenced the aromatic proﬁle of young wines being ethyl
caprylate the main active-odorant of this series. Isoamyl alcohols
contributed to a greater extent to the intensity of the smell rather
than the quality of the aroma and it is also well believed that fatty
acids with more than ﬁve carbon atoms act as quality factors for
wine (Edwards, Beelman, Bartley, & Mc Connel, 1990). Caramelized
and vegetal notes of this wine were slightly represented by vanillin
and 4-ethylguaiacol, respectively, while spicy notes were highly
enhanced by eugenol.
Aromagram of Garnacha naturally sweet wine (GNSW,
Fig. 1b) made from dehydrated grapes is completely different
from the aromagram previously described even though the
majority of volatile compounds identiﬁed in both wines
matched. Floral nuances were represented by b-ionone, monoter-
penes (geraniol, trans, trans-farnesol, terpinen-4-ol), benzoic acid,
isoeugenol and phenylacetaldehyde. The same happened with
fruity and fermented notes; in fact, lower fresh fruit aroma in
wine is observed as a consequence of the low activity of yeasts
in alcoholic fermentation. The main inﬂuences of grape overripe-
ness and drying on wines appear to be the enhancement of smo-
ky and caramel aromas and two volatiles could be responsible of
it, guaiacol and sotolon which were synthesized as a conse-
quence of Maillard reactions. Sotolon only identiﬁed in this wine
was also identiﬁed in other sweet wines such as Jerez, Tokaji
and Jura wines. The low contribution of eugenol could explain
the absence of spicy notes.
Aromagram of Garnacha sweet fortiﬁed wine (GSFW, Fig. 1c)
also differed from the two aroma proﬁles described previously. Flo-
ral notes coming from grapes gradually disappeared in oak barrel
aged wines. Moreover the initial alcoholic fermentation was
stopped by addition of ethanol 96% (v/v). These two facts could ex-
plain the lower extent of ﬂoral, fruity and fermented nuances of
this wine compared to GBW. Caramelized nuances were strongly
enhanced by the presence of vanillin, c-nonalactone, cis- and
trans-whisky lactones coming from the oak barrel aging. Guaiacol
was responsible of wood nuances. The same explanation may be
used in connection with spicy notes.
Table 4 (continued)
Volatile compound Concentration (lg/L) ± SDa
GBW GNSW GSFW
4-Vinilguaiacol 18 ± <1 22 ± 6 35 ± 12
Eugenol 51 ± 2 2.7 ± 0.8 4.2 ± 0.7
Isoeugenol 41 ± 1 154 ± 13 7.1 ± 1.1
Syringol 51 ± <1 94 ± 24 116 ± 8
m-Cresol 17 ± 1 17 ± 2 3.5 ± 0.1
Acetovanillone 527 ± 20 374 ± 19 368 ± 20
Ethyl vanillate 535 ± <1 996 ± 19 2518 ± 104
Vanillin 217 ± 50 73 ± 2 7164 ± 580
R Volatile phenols 2562 1882 10,308
Lactones
c-Butyrolactone nd 863 ± 490 nd
c-Hexalactone 33 ± <1 137 ± 8 33 ± 6
c-Nonalactone 31 ± 2 nd 539 ± 24
c-Decalactone nd 18 ± <1 nd
(R)-()-Pantolactone nd 179 ± 49 59 ± 3
trans-Whiskylactone nd nd 1065 ± 9
cis-Whiskylactone nd nd 2501 ± 63
Sotolon nd 73 ± 11 nd
R Lactones 64 1270 4197
Sulphur compounds
Methionol 91 ± 12 nd nd
R Sulphur compounds 91 nd nd
a Values are mean ± standard deviation (n = 2).
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3.3. Relationships between mouth- and nose-based sensorial
descriptors
Garnacha-based wines were analyzed for sensory aroma
quality. The relationship between sensory variables, those de-
tected with mouth and nose, was established by partial least
squares (PLS) regression. PLS-2 modelling between the two data
matrices provided a one-factor model explaining 68% of the var-
iance in X (mouth descriptors) and 56% of that in Y (nose
descriptors) (Fig. 2). The ensuing model was evaluated via the
root mean square error for predictions (RMSEP), which was
calculated to be lower than 10 for nose-detected sensory
descriptors.
Connecting the mouth-sensory descriptors to the nose descrip-
tors in the studied wines gave place to a clear predominance of a
few descriptors of each type for the Garnacha base wine (GBW),
compared to the sweet wines made from Garnacha (GNSW and
GSFW). The ﬁndings can be summarized as follows:
(a)
Fig. 1. Aromagrams (‘‘odorant descriptors and volatile compounds’’–Y axis vs. ‘‘Odour activity values (OAVs)’’–X axis) of Garnacha wines: (a) Garnacha base wine (GBW), (b)
Garnacha naturally sweet wine (GNSW), and (c) Garnacha sweet fortiﬁed wine (GSFW). Compound means that their OAVs were divided by 10 or 100.
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1. GBW is described by overall mouth descriptors as bitter (M5)
and astringent (M6), whereas the predominant mouth descrip-
tors are geranium (M18) amongst the ﬂoral ﬂavours, grass
(M20) within the vegetal ﬂavours, and clove (M29) amongst
those spicy. This is in connection with nose descriptors such
as tropical fruit (fruity N7), rose and geranium (ﬂoral N12 and
N13, respectively), hot spices and clove (spicy N22 and N24,
respectively), and fermented cheese-like (N28) nuances. These
results agree with their aromagram (Fig. 1a) described previ-
ously where ﬂoral (enhanced by the high norisoprenoid OAVs),
fruity (enhanced by ethyl esters from yeast metabolism) and
spicy (represented by eugenol) odorant series were the most
marked.
2. Instead, Garnacha sweet wines (GNSW and GSFW) are better
described with global mouth descriptors of sweetness (M3),
and high viscosity (M7) and silkiness (M8), together with
(b)
Fig. 1 (continued)
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individual mouth descriptors of dried fruit (M14), phenolic
(M24) and caramelized ﬂavours, such as caramel itself
(M30), chocolate (M31) and honey (M32). This is connected
with nose descriptors of high odour intensity (N1), as well
as those of dried fruit (N9), vegetal nuances of wood (N16)
and olive (N18), spicy vanilla (N20), and again the caramel
group (caramel-N25, chocolate-N26, and honey-N27). These
results agree with aromagrams described previously (Fig. 1b
and c). The most marked odorant series affected by off-vine
drying of the grapes respect to the GBW (Fig. 1a and b) were
ﬂoral (enhanced mainly by geraniol, trans, trans-Farnesol,
benzoic acid, isoeugenol and phenylacetaldehyde), caramel-
ized (sotolon), and vegetal-wood (guaiacol). Finally, odorant
series affect basically by the switch off of alcoholic fermenta-
tion with ethanol 96% (v/v) followed by oak barrel aging
respect to the GBW (Fig. 1a and c) were caramelized (vanillin,
c-nonalactone and whisky lactones) and vegetal-wood
(guaiacol).
(c)
Fig. 1 (continued)
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There were negative correlations amongst all nose and mouth
descriptors between base and sweet wines from Garnacha Tintore-
ra (Fig. 2a). This suggests that the sensorial perception of a given
sample is inﬂuenced not only by the presence of the components
responsible for the note concerned, but also by that of other
odorants with a negative impact on the perception of the note
(Aznar, López, Cacho, & Ferreira, 2003). The loading weights
(Fig. 2b and c) obtained afford other useful conclusions, namely:
1. The three dominant mouth descriptors classiﬁed as potentially
discriminating sweet wines from Garnacha base wine were:
sweetness (M3), dried fruit (M14) and caramel (M30). Higher
positive correlations were found with the nose descriptors of
dried fruit (N9), caramel (N25) and chocolate (N26).
2. The three mouth descriptors of Garnacha base wine (bitternes-
M5, astringency-M6 and geranium-M18) were positively inﬂu-
enced by three nose descriptors as a result of their high loading
weights (geranium-N13, hot spices-N22 and clove-N24).
4. Conclusions
In general, the aroma proﬁles obtained for three Garnacha Tin-
torera-based wines were different. The most marked odorant series
for Garnacha base wine (GBW) were ﬂoral, fruity and spicy and for
the wines affected by off-vine drying of the grapes (GNSW) were
ﬂoral, caramelized and vegetal-wood. Sotolon and acetoin were
the two main compounds resulted from Maillard reactions during
drying grapes. Odorant series affected basically by the switch off of
alcoholic fermentation with ethanol 96% (v/v) followed by oak bar-
rel aging (GFSW) were caramelized and vegetal-wood.
PLS-2 was used to detect correlations between sets of sensory
data (those obtained with mouth and nose) with the ultimate
aim of improving our current understanding of the ﬂavour of Gar-
nacha Tintorera red wines, both base and sweet. Based on the sen-
sory dataset analysis, the descriptors with the highest weight for
separating base and sweet wines from Garnacha Tintorera were
sweetness, dried fruit and caramel (for sweet wines) vs. bitterness,
astringency and geranium (for base wine).
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The postharvest dehydration is one of the most important steps in obtaining a high quality naturally
sweet wine and it can play an important role in modulating the production and the release of volatile
compounds. However, only a few studies have analysed the changes in the free and bound volatile com-
pounds of grapes throughout the process. In this work, GC–MS was applied to determine the aromatic
composition of Garnacha Tintorera grapes subjected to off-vine dehydration or raisining at several points
during the process. The total water loss in 83 days was about 62% and the sugar concentration rose from
225 to 464 g/L. Within the free volatile compounds, isoamyl alcohols, benzaldehyde and guaiacol regis-
tered the largest increase above the concentration effect due to water loss; while within the bound vol-
atile compounds were isoamyl alcohols, ethyl vanillate and benzoic acid. The aromatic proﬁle of the
raisins obtained were mainly caramelised, ﬂoral, phenolic and burned.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
The current trend of the world wine-making market is the pro-
duction of high quality wines with particular and differentiated
characteristics such as sweet wines. These wines have also been
traditionally elaborated in Galicia (the North-Western corner of
Spain). At present, the Protected Designation of Origin (PDO) Val-
deorras (one of the 5 PDO from Galicia) is interested in promoting
a new sweet wine elaborated with raisins of cv. Garnacha Tintorera
red grapes, a teinturier cultivar which presents an excellent poten-
tial for raisining (Noguerol-Pato, González-Álvarez, González-Bar-
reiro, Cancho-Grande, & Simal-Gándara, 2012). Vino tostado of
PDO Ribeiro is the only sweet wine produced in Galicia by the rais-
ining of white grapes, Vitis vinifera L. cv. Treixadura. The raisining
process is carried out in covered premises to avoid the drawbacks
of the weather conditions of this area, but no other control over the
environment is performed to promote the process of raisining ex-
cept the opening of windows and/or doors at the appropriate
times. Other sweet wines made from raisined cv. Pedro Ximenez
grapes are elaborated in some warm or semi-arid regions of Spain
and the dehydration is typically accomplished by direct exposure
to sun (Franco, Peinado, Medina, & Moreno, 2004). Other new
dehydration methods have been developed, such as microwavell rights reserved.
).vacuum-drying (Vega-Mercado, Gongora-Nieto, & Barbosa-Cano-
vas, 2001), dipping pretreatments to expedite the drying process
(Serratosa, Lopez-Toledano, Medina, & Merida, 2008) or those
based on chamber-drying with controlled temperature that are
reliable, fast, and easy to use, but require high efﬁciency to be prof-
itable (Serratosa et al., 2008).
The volatile compounds arising from berry grapevine metabo-
lism are mainly terpenes, norisoprenoids, benzene compounds
and C6 alcohols which could be in free and bound forms, especially
glycosylated (Palomo, Díaz-Maroto, Viñas, Soriano-Pérez, & Pérez-
Coello, 2007). Free forms are volatile compounds directly involved
in aroma and ﬂavour, playing a key role in the quality and the pe-
culiar aroma of wines, while bound glycoside forms, which are
odourless (Palomo et al., 2007), can be transformed into volatile
compounds by hydrolysis (Hellín, Manso, Flores, & Fenoll, 2010).
On the other hand, freshly cut grapes show an anaerobic metabo-
lism which is reﬂected in the production of ethanol, CO2 and fer-
mentation by-products affecting the composition of volatile
compounds of the grapes (Franco et al., 2004).
The production process of naturally sweet wines starts with
postharvest dehydration of grapes to achieve a high sugar concen-
tration. During grape dehydration, in addition to sugar concentra-
tion, phenolic and aroma compounds are either concentrated or
produced (Bellincontro, De Santis, Botondi, Villa, & Mencarelli,
2004; Costantini, Bellincontro, De Santis, Botondi, & Mencarelli,
2006). However, few data about the effect of the raisining process
on the volatile fraction have been published (Bellincontro et al.,
R. Noguerol-Pato et al. / Food Chemistry 139 (2013) 1052–1061 10532004; de Torres, Díaz-Maroto, Hermosín-Gutiérrez, & Pérez-Coello,
2010; Franco et al., 2004; Ruiz, Zea, Moyano, & Medina, 2010).
Therefore, postharvest dehydration is one of the most important
steps in obtaining a high quality naturally sweet wine and can play
an important role in modulating the production and the release of
volatile compounds (Bellincontro et al., 2004).
The aim of this work was to study by chromatographic analysis
the evolution of both free and glycosidically bound aromatic com-
pounds from Garnacha Tintorera grapes during the raisining pro-
cess, as well as to establish the organoleptic proﬁle of the dried
grapes by using odorant series.2. Materials and methods
2.1. Samples
Healthy cv. Garnacha Tintorera ripe grapes were harvested in
the Valdeorras region in September of 2010. Bunches showing a
greater separation between berries were selected to facilitate aer-
ation. The grapes were arranged into plastic boxes in a single layer
and well apart from each other to prevent damage to the berries.
They were turned and checked weekly to ensure uniform drying
and to remove spoiled berries. The dehydration process was car-
ried out in a roomwith natural ventilation during 83 days. Approx-
imately 1 kg of grapes were randomly collected at each stage of
dehydration on days 0 (initial day), 6, 16, 30, 44, 59 and 83 (end
of the drying process). Samples were stored at -80 C until analysis.
Classical parameters were determined in the Oenological Sta-
tion of Galicia (EVEGA) following the Ofﬁcial Methods. After thaw-
ing, 100 g of the berries at each state of dehydration were crushed
in a mortar to obtain the must. Total acidity (g of tartaric acid/L)
was determined from 10 mL must sample following the volumetric
method. Sugar content and pH was determined by refractometry
and potentiometry, respectively. All measurements were carried
out in triplicate.
2.2. Extraction of volatile compounds
Berries at each drying state were de-seeded by hand and
crushed in a mixer (Kenwood Quad Blade Chopper CH250) for
20 s. The extraction of volatile compounds was carried out follow-
ing the method of Noguerol-Pato, González-Barreiro, Cancho-
Grande, Santiago, et al. (2012) with some modiﬁcations: 50 g of
the triturate were suspended in 50 mL of buffer solution (0.1 M
Na2HPO4/NaH2PO4, pH 7, 6.5% methanol) and allowed to macerate
for 6 h with agitation at room temperature. The ﬁnal suspension
was centrifuged (4000 rpm, 5 C, 20 min) in a Rotina 35R centri-
fuge. A second maceration of the pellet was carried out under the
same conditions to guarantee complete extraction of the aroma
compounds. The pellet was washed with buffer solution and cen-
trifuged. The liquid phases were combined to yield 150 mL of berry
extract. Then, the macerate was ﬁltered through a 1.2 lm glass ﬁ-
bre ﬁlter and separated into two fractions to be analysed sepa-
rately for free and bound volatile compounds.
2.2.1. Isolation of free volatile compounds
A liquid–liquid extraction with dichloromethane was carried
out to determine the free volatile compounds within the macerate.
Seventy millilitres of the macerate previously obtained, 5 mL of
dichloromethane, 3 g of NaCl and 20 lL of 4-nonanol (40 mg/L in
ethanol) as surrogated were introduced into an 80 mL glass centri-
fuge tube. The mixture was shaken for 2 min and centrifuged
(4000 rpm, 5 C, 20 min). Every sample was extracted three times
and the organic phases were pooled into a 40 mL glass vial. The
combined extracts were concentrated to <1 mL under a N2 stream,enriched with 25 lL of 2-octanol (20 mg/L in ethanol) as internal
standard and adjusted to a volume of 1 mL with dichloromethane
prior to gas chromatographic analysis.
2.2.2. Isolation and enzymatic hydrolysis of glycosidically-bound
fraction
Seventy-ﬁve millilitres of the macerate containing 20 lL of sur-
rogate standard (4-nonanol at 40 mg/L in ethanol) was loaded onto
a 500 mg Strata-X, 33 lm polymeric reversed phase cartridge (Phe-
nomenex, Torrance, CA, USA) following the method proposed by
Noguerol-Pato, González-Barreiro, Cancho-Grande, Santiago, et al.
(2012).
2.3. GC–MS chromatographic conditions
Volatile compounds were separated and identiﬁed using the
same equipment and conditions previously optimised in our labo-
ratory (González-Rodríguez, Noguerol-Pato, González-Barreiro,
Cancho-Grande, & Simal-Gándara, 2011; González-Álvarez, Gon-
zález-Barreiro, Cancho-Grande, & Simal-Gándara, 2011; Gon-
zález-Álvarez, Noguerol-Pato, González-Barreiro, Cancho-Grande,
& Simal-Gándara, in press; Noguerol-Pato, González-Barreiro, Can-
cho-Grande, & Simal-Gándara, 2009). Recoveries of 4-nonanol
were used to correct the concentrations of each volatile compound.
2.4. Odour Activity Values (OAVs)
The contribution of each volatile compound to grape aroma was
evaluated qualitatively via its associated descriptor and quantita-
tively via its OAV. OAVs were calculated by using the equation
OAV = c/t, where c (lg/L) is the total concentration of each com-
pound in the grape samples and t (lg/L) is the odour threshold va-
lue of the compound in water (Hellín et al., 2010). Guth (1997)
stated that only those compounds displaying OAVs greater than
1 were deemed to contribute to wine aroma, although recent stud-
ies have reported the relevance to the overall aroma of substances
present at OAV > 0.2 (Gómez-Míguez, Gómez-Míguez, Vicario, &
Heredia, 2007).
Grouping volatile aroma compounds with similar descriptors
into odorant series allows the sensory proﬁle of a wine or must
to be established (Franco et al., 2004; Moyano, Zea, Moreno, &
Medina, 2002), and, consequently, the sensory proﬁle of the Garna-
cha Tintorera grapes. We used the odorant series proposed by Ruiz
et al. (2010) which included the following volatile compounds:
Caramelised: 1-hexanol, 2-phenylethanol, phenylacetaldehyde,
guaiacol, vanillin, ethyl vanillate, acetovanillone, c-butyrolactone,
c-hexalactone, acetoin and 2-phenylethyl acetate. Floral: 2-phenyl-
ethanol, linalool, ()-terpinen-4-ol, a-terpineol, nerol, geraniol,
cis-linalool oxide, b-ionone, 2-furfuraldehyde, phenylacetaldehyde,
benzoic acid and 2-phenylethyl acetate. Spicy: 4-ethylguaiacol,
eugenol, p-vinylguaiacol, acetovanillone. Fresh: (±)-b-citronellol,
1-hexanol, trans-3-hexenol, cis-3-hexenol, trans-2-hexenol, hex-
anal, trans-2-hexenal and geranic acid. Burned: 2-furfuraldehyde,
benzaldehyde, guaiacol, 2-methoxy-4-methylphenol, 4-ethyl-
guaiacol, p-vinylguaiacol, syringol and (R)-()-pantolactone. Phe-
nolic: 1-butanol, guaiacol, 2-methoxy-4-methylphenol, m-cresol,
4-ethylphenol, p-vinylguaiacol and syringol. Tree fruit: benzyl alco-
hol and c-hexalactone. Tropical fruit: c-butyrolactone and c-non-
alactone. Lactic: isobutyric acid, butanoic acid, isovaleric acid,
hexanoic acid, octanoic acid and decanoic acid. Pungent: isobutanol
and isoamyl alcohols. Nutty: benzaldehyde, benzyl alcohol and 4-
vinylphenol. Chemical: isobutanol, isoamyl alcohols and 1-octanol.
Resinous: 1-hexanol. Berry: ethyl-3-hydroxybutyrate. Citrus: (±)-b-
citronellol. Leather (odorant series proposed by authors): m-cresol
and 4-ethylphenol. Table 1 shows the OAVs for the compounds, to-
Table 1
Odor thresholds, OAVs, odour descriptors and odorant series of the volatile compounds during the grape dehydration.
Volatile compound Threshold (ug/L)a OAVs Odor descriptor Odorant series
0 6 16 30 44 59 83
Monoterpenes
cis-Linalool oxide 3000 0 0 0 0 0.003 0.004 0.06 Flower Floral
Linalool 6 0.73 0.63 0.54 0.45 0.33 0.48 0.45 Orange ﬂowers Floral
()-Terpinen-4-ol 5000 0 0 0.004 0.008 0.021 0.010 0.016 Flowers, nutmeg Floral, spicy
a-Terpineol 330 0.070 0.041 0.053 0.069 0.065 0.084 0.088 Lilac Floral
b-Citronellol 40 0 0 0 0.085 0.20 0.22 0.25 Green, citrus Fresh, citrus
Nerol 300 0.072 0.049 0.064 0.088 0.074 0.097 0.079 Orange ﬂowers, rose Floral
Geraniol 40 2.3 2.5 2.4 3.6 2.7 3.1 3.2 Geranium, rose Floral
C13-Norisoprenoids
b-Ionone 0.007 0 0 0 0 0 0 0 Violets Floral
C6 alcohols
1-Hexanol 1620 1.7 22 1.5 3.9 3.5 3.2 3.4 Grass, cream, resinous Fresh, caramelised, resinous
trans-3-Hexen-1-ol 1000 0.032 0.044 0.036 0.066 0.054 0.065 0.065 Green, herbaceous Fresh
cis-3-Hexen-1-ol 70 0.48 0.69 0.58 0.67 0.86 0.99 1.2 Green, herbaceous Fresh
trans-2-Hexen-1-ol 100 19 29 6.0 20 11 7.0 4.5 Green, herbaceous Fresh
Aromatic alcohols
Benzyl alcohol 100,000 0.014 0.010 0.014 0.017 0.015 0.021 0.031 Fruity, walnut Tree fruit, nutty
2-Phenylethanol 60 6.1 5.2 13 12 17 26 40 Rose, honey Floral, caramelised
Other alcohols
Isobutanol 16,000 0 0 0.022 0.038 0.048 0.19 0.19 Alcohol, wine like, nail polish Chemical, pungent
1-Butanol 74,000 0 0.000 0.000 0.001 0.005 0.007 0.005 Medicinal Phenolic
Isoamyl alcohols 3060 0.073 0.077 0.33 0.47 0.76 1.3 1.9 Alcohol, nail polish Chemical, pungent
1-Octanol 110 0.24 0.16 0.23 0.23 0.41 0.48 0.62 Chemical Chemical
Aldehydes
Hexanal 9.2 213 79 55 89 0 0 0 Green Fresh
trans-2-Hexenal 17 332 101 25 29 23 26 12 Green, herbaceous Fresh
2-Furfuraldehyde 770 0.008 0.007 0.006 0.008 0.000 0.018 0.024 Burned almond, incense, ﬂoral Burned, ﬂoral
Benzaldehyde 4600 0.004 0.005 0.013 0.012 0.023 0.035 0.048 Bitter almond, nutty, smoky Nutty, burned
Phenylacetaldehyde 4 3.4 2.4 1.3 1.9 1.6 1.4 2.1 Floral, honey Floral, caramelised
Volatile phenols
Guaiacol 3 3.3 2.4 3.0 5.1 5.0 14 40 Smoky, sweet, phenolic Burned, caramelised, phenolic
2-Methoxy-4-methylphenol 90 0 0 0 0 0.013 0.017 0.024 Smoky, phenol Burned, phenolic
4-Ethylguaiacol 50 0 0 0 0.22 0.01 0.30 0.16 Smoky, clove Spicy, burned
m-Cresol 68 0 0 0.024 0.044 0.064 0.075 0.20 Bitumen, leather Leather, phenolic
Eugenol 6 0.84 0.65 0.80 1.0 0.71 0.98 0.99 Clove Spicy
4-Ethyl-phenol 600 0.00 0.00 0.001 0.004 0.001 0.001 0.002 Phenolic, leather Leather, phenolic
p-Vinylguaiacol 3 3.4 3.2 3.9 6.9 7.1 8.0 12 Phenolic, smoky, spicy Phenolic, spicy, burned
Syringol 1850 0.003 0.004 0.004 0.004 0.006 0.004 0.017 Smoky, phenolic Phenolic, burned
4-Vinylphenol 10 0.35 0.92 0.54 0.64 1.1 0.06 0.26 Almond shell Nutty
Vanillin 20 14 16 12 24 23 24 15 Vanilla, candy Caramelised
Ethyl vanillate 990 0.005 0.009 0.021 0.035 0.052 0.11 0.11 Vanilla, honey Caramelised
Acetovainillone 1000 0.36 0.31 0.39 0.47 0.41 0.44 0.60 Clove, vanilla Spicy, caramelised
Lactones
c-Butyrolactone 1000 0.15 0.09 0.17 0.08 0.11 0.14 0.28 Coconut, caramel Tropical fruit, caramelised
c-Hexalactone 13000 0 0 0 0 0.000 0.000 0.001 Sweet, cake, fruity, peach Tree fruit, caramelised
c-Nonalactone 30 0 0 0.41 3.3 1.6 2.2 2.6 Coconut Tropical fruit
(R)-()-Pantolactone 2200 0 0 0 0 0.006 0.011 0.021 Smoky, toasted bread Burned
Acids
Isobutyric acid 50 0 0 0.55 0.40 0.72 1.2 3.0 Rancid, butter Lactic
Butanoic acid 1400 0 0 0 0 0 1.1 2.3 Cheese, rancid Lactic
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R. Noguerol-Pato et al. / Food Chemistry 139 (2013) 1052–1061 1055gether with their sensory descriptors, odorant series and the per-
ception threshold taken from the literature.3. Results and discussion
Fig. 1a shows the weight loss by water evaporation in grapes of
cv. Garnacha Tintorera during raisining without controlled condi-
tions. As can be seen, the total water loss of the berries was about
62% at the end of the process. The greatest loss occurred between
the start and the 16th day. The increment of the sugar content of
the grapes from the beginning of the process (225 g/L) to the end
(464 g/L) was about 52%, as can be seen in Fig. 1b, similar to that
expected by the concentration effect due to water loss (62%). The
gap between the two percentages could be caused by the con-
sumption of glucose and fructose during the anaerobic metabolism
of freshly cut grapes (Flanzy, 2003a). The total acidity rose from
4.4 g of tartaric acid/L in freshly harvested grapes to 6.3 g of tar-
taric acid/L in raisins (Fig. 1c). This increase was lower than that(a) 
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Fig. 1. Classical parameters of Garnacha Tintorera grapes during the raisining
process: (a) weight loss (%), (b) sugar content (g/L) and (c) total acidity (g tartaric
acid/L).
1056 R. Noguerol-Pato et al. / Food Chemistry 139 (2013) 1052–1061caused by water evaporation. According to Ribéreau-Gayon,
Dubourdieu, Donèche, and Lonvaud (2000) the drying process
has a lower effect on acids than on sugars concentration.
3.1. Evolution of the concentration of free volatile compounds during
raisining
Table 2a shows the changes in concentrations of the free vola-
tile compounds of Garnacha Tintorera grapes during the raisining
process. The general trend was for their concentrations to increase.
To study the behaviour of each volatile compound in a fast and
simple way, a production factor (PF) was calculated by dividing
the average concentration of each compound at the end of the pro-
cess between its initial concentration, according to Ruiz et al.
(2010). An increase in concentration of solutes present in the
grapes, including volatile compounds, is expected as a result of
the water loss by evaporation during the raisining. The PF resulting
from the concentration by evaporation (62%) is 2.6, providing no
degradation or synthesis reactions occur. Considering a 20% of er-
ror around the PF, we can determine which volatile compounds
were synthesized during the dehydration process (PF > 3.1), which
were degraded or transformed into other compounds that were not
determined in this study (PF < 2.1) and which did not suffer any
modiﬁcation (2.1 < PF < 3.1).
The total concentration of free monoterpenes showed a PF of 5.8
which was greater than that expected by the effect of water evap-
oration from grape. Terpinen-4-ol registered the higher concentra-
tion of the monoterpenes and its PF was 3.7. This fact suggests that
some synthesis reactions occur during dehydration (Franco et al.,
2004). Nerol and geraniol showed no substantial changes in their
contents.
The free C6 alcohols and C6 aldehydes (hexanal and trans-2-hex-
enal) displayed an important decrease during dehydration, as oc-
curred in Sangiovese and Pedro Ximenez grapes (Bellincontro
et al., 2004; Franco et al., 2004). Lipoxygenase (LOX) is an impor-
tant oxidative enzyme involved in lipid oxidation, and its activity
causes the formation of C6 volatile compounds: 1-hexanol, trans-
3-hexenol, cis-3-hexenol, trans-2-hexenol and the aldehydes hex-
anal and trans-2-hexenal which give an herbaceous (fresh) taste
to grape and, consequently, to the wine (Costantini et al., 2006).
During the dehydration process the cell structure changes and it
is presumed that LOX can be liberated. However, a weight loss dur-
ing dehydration of over 35%, as happened in Garnacha Tintorera
grapes, diminished greatly LOX activity (Costantini et al., 2006).
This could explain the initial increase in the concentration of C6
alcohols and their subsequent decrease with increasing water loss.
The benzaldehyde (odour descriptor: bitter almond, nutty and
smoky) is one of the compounds typically associated with Botrytis
cinerea infection (García, Chacón, Martínez, & Izquierdo, 2003). The
concentrations found in the samples of this study progressively in-
creased, as evidenced by its PF being higher than 2.6, which may
indicate a deterioration of the grapes.
The other free alcohols increased progressively throughout the
whole process. Isobutanol and isoamyl alcohols were the major
alcohols and showed the highest PF of the group, above the value
corresponding to the process of drying, as was seen in grapes of
cv. Pedro Ximenez during their sun-drying process (Ruiz et al.,
2010). They are compounds of fermentative origin and their in-
crease could be related to the enzymatic activity of endogenous
yeast. Moreover, their formation is linked to the metabolism of
amino acids (Flanzy, 2003b) which are accumulated during the
dehydration of grapes (Costantini et al., 2006).
The aromatic alcohols are volatile compounds typically found in
red grapes and they showed an increase in their concentration dur-
ing the raisining process of Garnacha Tintorera grapes. Voirin,
Baumes, Sapis, and Bayanove (1992) indicated that the presenceof aromatic alcohols is associated with neutral cultivars. Thus,
the levels of benzyl alcohol and 2-phenylethanol are quite high
in non-Muscat grape varieties in which terpenols are less abundant
(Selli, Cabaroglu, Canbas, Erten, & Nurgel, 2003). The amount of
free benzyl alcohol (PF: 1.5) was slightly lower than that expected
as a result of dehydration (PF: 2.6), while free 2-phenylethanol (PF:
16) was much greater than expected, so some synthesis reaction
could have occurred. Phenylethyl-a-D-glucopyranoside has been
identiﬁed as one of the precursors of 2-phenylethanol in grapes
(Winterhalter, Badershneider, & Bonnländer, 1999), although the
latter is mainly formed from 2-phenylalanine during must fermen-
tation (Laminkanra, Grimm, & Inyang, 1996). Therefore, the pro-
duction of 2-phenylethanol during the process may be attributed
to the accumulation of amino acids during dehydration, from
which is synthesized.
Most of free volatile phenols were found in small quantities.
Some, such as guaiacol and ethyl vanillate, registered an increase
of concentration during the process higher than the PF of the refer-
ence, while the amount of vanillin decreased throughout the pro-
cess. Volatile phenols arise mainly from alcoholic fermentation,
although acetovanillone and vanillin have been identiﬁed as potent
aroma-active compounds in Cabernet sauvignon, Cabernet franc,
Merlot and Cabernet gernischt grape juices (Fan, Xu, Jiang, & Li,
2010).
Lactones are mainly formed during alcoholic fermentation by an
internal esteriﬁcation reaction between an acid function and an
alcohol function in the same molecule, but they may also arise di-
rectly from the grapes, where they contribute to the varietal aroma
(Ribéreau-Gayon, Glories, Maujean, & Dubourdieu, 2006). c-Buty-
rolactone was already found in freshly cut Garnacha Tintorera
grapes and its content at the end of the raisining process was
slightly lower than that expected by the concentration effect. How-
ever, the other lactones showed PF higher than 2.6, so they were
probably produced during the raisining process because of fermen-
tative metabolismwithin the grapes held under hypoxic conditions
(Franco et al., 2004).
The free acids showed an erratic behaviour throughout the
dehydration process. Caprylic acid, capric acid, geranic acid and
benzoic acid disappeared during the process, while isobutyric acid,
butanoic acid and isovaleric acid were not detected at the begin-
ning of the process.
At the end of the dehydration process, free acetoin showed a PF
of 3.1, similar to that related with the water loss (PF: 2.6). This vol-
atile compound is produced by yeast during alcoholic fermentation
(Flanzy, 2003b) although in grapes its presence is related to the
anaerobic metabolism of grapes during the drying process (Franco
et al., 2004). In Pedro Ximenez grapes, acetoin was the major vola-
tile compound in both sun-drying and controlled-drying processes,
while only 1-hexanol, isoamyl alcohols and 2-phenylethanol regis-
tered higher concentrations than acetoin at the last sampling in
Garnacha Tintorera grapes.
3.2. Evolution of the concentration of bound volatile compounds
during raisining
Table 2b lists the concentrations of the glycosidically bound
volatile compounds determined after their enzymatic hydrolysis
in Garnacha Tintorera grapes at each state of raisining. The bound
monoterpenes were found in higher quantity than free monoter-
penes, in agreement with reports from other authors (Mateo &
Jiménez, 2000). cis-Linalool oxide, terpinen-4-ol and b-citronellol
were not found in the ﬁrst sample, but when the water loss was
rising, they began to be detected and concentrations increased un-
til their PFs were close to the PF equivalent to the water loss per-
centage. In contrast to what occurred with the free
monoterpenes, the major volatile compound in this group was
Table 2
Means and standard deviations (n = 3) of the concentration (ng/g of berry) of (a) the free volatile compounds and (b) the glycosidically bound volatile compounds from Garnacha
Tintorera grapes during the raisining (days).
(a) Days 0 6 16 30 44 59 83 PF
Monoterpenes
cis-Linalool oxide <0.76 <0.76 <0.76 <0.76 <0.76 <0.76 <0.76
Linalool [0.14–0.46] [0.14–0.46] [0.14–0.46] [0.14–0.46] [0.14–0.46] [0.14–0.46] [0.14–0.46]
()-Terpinen-4-ol [0.11–0.36] [0.11–0.36] 18 ± 2 36 ± 4 91 ± 4 44 ± 2 66 ± 3 3.7
a-Terpineol [0.13–0.42] [0.13–0.42] 0.75 ± 0.20 1.2 ± 0.2 0.98 ± 0.09 0.47 ± 0.06 0.889 ± 0.002 1.2
b-Citronellol <0.19 <0.19 <0.19 [0.19–0.64] 3.3 ± 0.49 2.9 ± 0.15 1.75 ± 0.05 0.5
Nerol 2.5 ± 0.5 3.2 ± 0.5 3.9 ± 0.5 4.9 ± 0.9 3.4 ± 0.5 5.2 ± 0. 4.1 ± 0.1 1.6
Geraniol 12 ± 2 14 ± 2 9.9 ± 0.7 10.3 ± 0.5 6.9 ± 0.8 8 ± 1 11 ± 1 0.9
Total 14 17 33 52 106 61 84 5.8
C13-norisoprenoids
b-Ionone <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
C6 alcohols
1-Hexanol 2291 ± 567 2990 ± 60 1783 ± 271 5063 ± 431 3740 ± 654 3276 ± 17 2577 ± 187 1.1
trans-3-Hexen-1-ol 22 ± 3 32 ± 3 23 ± 1 42 ± 7 30 ± 2 34 ± 3 24 ± 1 1.1
cis-3-Hexen-1-ol 13 ± 2 17 ± 3 12.5 ± 0.6 13 ± 0.5 14 ± 1 17 ± 1 15 ± 1 1.2
trans-2-Hexen-1-ol 1721 ± 377 2569 ± 94 450 ± 49 1691 ± 205 837 ± 122 464 ± 39 165 ± 10 0.1
Total 4048 5608 2268 6808 4621 3791 2782 0.7
Aromatic alcohols
Benzyl alcohol 58 ± 4 49 ± 4 32 ± 3 63 ± 11 47 ± 6 68 ± 4 87 ± 4 1.5
2-Phenylethanol 44 ± 8 61 ± 5 337 ± 32 158 ± 24 227 ± 20 351 ± 11 685 ± 32 16
Total 102 110 369 221 273 419 773 7.6
Other alcohols
Isobutanol <4.7 [4.7–16] 337 ± 36 537 ± 98 566 ± 18 1473 ± 208 2579 ± 131 7.7
1-Butanol <2.29 14 ± 3 25 ± 4 27 ± 3 29 ± 1 52 ± 7 78 ± 10 5.6
Isoamyl alcohols 56 ± 18 50 ± 5 530 ± 32 452 ± 64 528 ± 23 1247 ± 29 2141 ± 127 38
1-Octanol <1.3 [1.3–4.2] [1.3–4.2] [1.3–4.2] 12 ± 1 17 ± 1 20 ± 2 1.7
Total 56 64 892 1016 1135 2790 4818 87
Aldehydes
Hexanal 1821 ± 218 663 ± 74 478 ± 32 770 ± 104 <3.4 <3.4 <3.4 0.42
trans-2-Hexenal 5320 ± 742 1612 ± 237 409 ± 52 460 ± 53 342 ± 28 382 ± 52 185 ± 17 0.03
2-Furfuraldehyde 6.1 ± 0.9 4.8 ± 0.9 4.1 ± 0.8 5.6 ± 0.6 <3.4 12 ± 1 16 ± 2 2.6
Benzaldehyde 3.6 ± 0.9 11 ± 2 52 ± 5 38 ± 5 74 ± 5 116 ± 6 159 ± 8 44
5-Methylfurural <0.54 <0.54 <0.54 <0.54 <0.54 <0.54 <0.54
Phenylacetaldehyde 13 ± 2 9.2 ± 0.9 4.8 ± 0.8 7 ± 1 5.7 ± 0.4 5 ± 0.9 4.1 ± 0.2 0.3
Total 7164 2300 947 1281 422 515 364 0.05
Volatile phenols
Guaiacol 0.7 ± 0.1 0.55 ± 0.07 1.2 ± 0.1 2.8 ± 0.5 3.3 ± 0.1 20 ± 1 79 ± 2 113
2-Methoxy-4-methylphenol <0.26 <0.26 <0.26 <0.26 <0.26 <0.26 <0.26
4-Ethylguaiacol <0.19 <0.19 <0.19 4.9 ± 0.8 0.42 ± 0.09 6.9 ± 1.0 4.8 ± 0.5 1
m-Cresol <0.34 <0.34 <0.34 <0.34 [0.34–1.1] [0.34–1.1] 5.5 ± 0.6
Eugenol <0.56 <0.56 <0.56 <0.56 <0.56 <0.56 <0.56
4-Ethylphenol <0.16 <0.16 <0.16 <0.16 <0.16 <0.16 <0.16
p-Vinylguaiacol [0.54–1.8] [0.54–1.8] [0.54–1.8] 2.1 ± 0.4 [0.54–1.8] 2.2 ± 0.4 3.8 ± 0.1 1.8
Syringol 2.9 ± 0.4 2.8 ± 0.1 3.3 ± 0.6 3.7 ± 0.7 2.0 ± 0.3 1.3 ± 0.2 3.08 ± 0.03 1.1
4-Vinylphenol <0.61 <0.61 <0.61 <0.61 <0.61 <0.61 <0.61
Vanillin 182 ± 14 164 ± 16 98 ± 15 189 ± 28 120 ± 8 78 ± 6 63 ± 3 0.35
Ethyl vanillate 2.2 ± 0.4 1.1 ± 0.3 7 ± 1 8.1 ± 0.9 12 ± 1 26 ± 2 25 ± 2 11
Acetovainillone [0.84–2.8] [0.84–2.8] 35 ± 6 22 ± 0.2 21 ± 1 22 ± 2 49 ± 2 1.4
Total 187 168 144 233 159 156 233 1.2
Lactones
c-Butyrolactone 141 ± 7 89 ± 13 159 ± 7 80 ± 8 93 ± 7 121 ± 12 242 ± 23 1.7
c-Hexalactone <0.30 <0.30 <0.30 <0.30 3.6 ± 0.5 3.4 ± 0.7 16 ± 1 4.4
c-Nonalactone <0.23 <0.23 4.0 ± 0.6 4.4 ± 0.8 12 ± 1 23 ± 1 32 ± 3 8
(R)-()-Pantolactone <1.2 <1.2 <1.2 <1.2 4.5 ± 0.5 11 ± 1 31 ± 3 6.9
Total 141 89 163 84 113 158 321 2.3
Acids
Isobutyric acid <2.5 <2.5 26 ± 5 19 ± 1 19 ± 1 26 ± 1 83 ± 10 3.2
Butanoic acid <5.0 <5.0 <5.0 <5.0 <5.0 19.0 ± 0.4 40 ± 5 2.1
Isovaleric acid <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Caproic acid 22 ± 6 32 ± 3 34 ± 1 85 ± 12 174 ± 12 153 ± 18 30 ± 3 1.4
Caprylic acid 73 ± 14 37 ± 3 32 ± 2 49 ± 1 <5.0 <5.0 <5.0 0.7
Capric acid 18 ± 2 26 ± 4 <5.0 <5.0 <5.0 <5.0 <5.0 1.4
Geranic acid B 89 ± 10 80 ± 16 29 ± 6 55 ± 4 [5.0–17] <5.0 <5.0 0.6
Benzoic acid [1.0–3.4] 3.7 ± 0.8 7.5 ± 0.7 3.7 ± 0.5 <1.0 <1.0 <1.0 1
Total 202 178 128 212 193 198 153 1.2
Miscellaneous
Acetoin 454 ± 1 84 ± 6 526 ± 37 361 ± 43 833 ± 39 925 ± 60 1413 ± 68 3.1
Ethyl 3-hydroxybutyrate <5.4 <5.4 <5.4 <5.4 20 ± 1 33 ± 3 32 ± 3 1.6
2-Phenylethyl acetate <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06
(continued on next page)
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(b) Days 0 6 16 30 44 59 83 PF
Monoterpenes
cis-Linalool oxide <0.76 <0.76 <0.76 <0.76 9.0 ± 0.5 11 ± 1 16 ± 2 1.8
Linalool 4.1 ± 0.1 3.6 ± 0.2 3.1 ± 0.6 2.6 ± 0.5 1.8 ± 0.2 2.5 ± 0.2 2.4 ± 0.2 0.6
()-Terpinen-4-ol <0.11 <0.11 1.0 ± 0.1 1.6 ± 0.2 1.8 ± 0.1 2.4 ± 0.1 3.1 ± 0.4 3.1
a-Terpineol 22 ± 4 13 ± 6 15.8 ± 0.2 20 ± 4 18 ± 1 24 ± 1 25 ± 1 1.1
b-Citronellol <0.19 <0.19 [0.19–0.64] 3.2 ± 0.8 7.2 ± 0.2 7.6 ± 0.8 8.8 ± 0.8 2.7
Nerol 18 ± 3 11 ± 2 14 ± 2 20 ± 3 16.1 ± 0.7 20 ± 3 17 ± 3 0.9
Geraniol 74 ± 5 80 ± 10 80 ± 10 124 ± 24 89 ± 5 102 ± 16 102 ± 13 1.4
Total 118 108 114 171 134 158 158 1.3
C13-Norisoprenoids
b-Ionone <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
C6 alcohols
1-Hexanol 294 ± 60 378 ± 15 547 ± 51 836 ± 98 1253 ± 71 1251 ± 159 2312 ± 104 7.9
trans-3-Hexen-1-ol 7.6 ± 0.9 9.1 ± 0.6 12 ± 1 20 ± 3 18 ± 3 23 ± 3 32 ± 1 4.2
cis-3-Hexen-1-ol 19 ± 4 29 ± 4 26 ± 5 32 ± 5 39 ± 7 44 ± 5 58 ± 2 3.1
trans-2-Hexen-1-ol 86 ± 12 130 ± 5 120 ± 8 158 ± 23 134 ± 22 149 ± 21 226 ± 5 2.6
Total 407 546 705 1046 1444 1467 2628 6.5
Aromatic alcohols
Benzyl alcohol 1270 ± 254 862 ± 74 1316 ± 136 1524 ± 146 1305 ± 61 1778 ± 104 2668 ± 161 2.1
2-Phenylethanol 300 ± 49 233 ± 8 381 ± 19 498 ± 93 691 ± 44 1042 ± 27 1425 ± 116 4.7
Total 1570 1095 1697 2022 1996 2820 4093 2.6
Other alcohols
Isobutanol <4.7 <4.7 <4.7 42 ± 10 110 ± 8 1238 ± 215 130 ± 14 3.1
1-Butanol [2.3–7.6] [2.3–7.6] [2.3–7.6] 31 ± 5 308 ± 4 378 ± 42 262 ± 19 8.5
Isoamyl alcohols 156 ± 14 171 ± 13 423 ± 49 891 ± 153 1507 ± 40 2235 ± 334 3011 ± 207 19
1-Octanol 25 ± 4 16 ± 1 24 ± 5 24 ± 5 27.5 ± 0.5 29 ± 1 40 ± 2 1.6
Total 181 187 447 988 1952 3880 3443 19
Aldehydes
Hexanal 26 ± 5 25 ± 17 <3.4 <3.4 <3.4 <3.4 <3.4 1
trans-2-Hexenal <3.9 <3.9 <3.9 <3.9 <3.9 [3.9–13] [3.9–13]
2-Furfuraldehyde [3.4–11] [3.4–11] [3.4–11] [3.4–11] [3.4–11] [3.4–11] [3.4–11]
Benzaldehyde 15 ± 3 10.5 ± 0.3 6.8 ± 0.7 14.9 ± 0.3 19 ± 3 26 ± 3 34 ± 3 2.3
5-Methylfurfural [0.54–1.8] [0.54–1.8] [0.54–1.8] [0.54–1.8] [0.54–1.8] [0.54–1.8] [0.54–1.8]
Phenylacetaldehyde [0.72–2.4] [0.72–2.4] [0.72–2.4] [0.72–2.4] [0.72–2.4] [0.72–2.4] 3.4 ± 0.3
Total 41 36 6.8 15 19 26 37 0.9
Volatile phenols
Guaiacol 8.6 ± 1.6 6.1 ± 0.1 7.4 ± 0.6 12 ± 2 9.7 ± 0.3 16 ± 1 25 ± 1 2.9
2-Methoxy-4-methylphenol <0.26 <0.26 <0.26 <0.26 1.0 ± 0.2 1.4 ± 0.2 1.9 ± 0.1 1.9
4-Ethylguaiacol [0.19–0.63] [0.19–0.63] [0.19–0.63] 5.6 ± 0.9 [0.19–0.63] 6.5 ± 0.5 2.5 ± 0.2 0.4
m-Cresol <0.34 <0.34 1.5 ± 0.1 2.8 ± 0.5 3.8 ± 0.2 4.5 ± 0.5 6.5 ± 0.4 4.3
Eugenol 4.8 ± 1.0 3.7 ± 0.3 4.6 ± 0.5 5.7 ± 0.9 3.7 ± 0.3 5.2 ± 0.6 5.2 ± 0.2 1.1
4-Ethylphenol 0.59 ± 0.02 0.31 ± 0.00 0.65 ± 0.13 2.3 ± 0.3 0.65 ± 0.04 0.73 ± 0.02 1.2 ± 0.2 2
p-Vinylguaiacol 10 ± 2 9.1 ± 0.8 11 ± 1 17 ± 2 ± 17 ± 1 19 ± 1 28 ± 4 2.8
Syringol 1.9 ± 0.4 4.6 ± 0.3 3.2 ± 0.2 3.9 ± 0.7 ± 7.2 ± 0.7 5.9 ± 0.3 24 ± 7 13
4-Vinylphenol 3.3 ± 0.1 8.6 ± 3.7 5.1 ± 0.2 6.0 ± 1.1 ± 9.3 ± 1.0 5.1 ± 0.5 12 ± 2 3.6
Vanillin 78 ± 9 134 ± 16 136 ± 23.73 263 ± 50 ± 287 ± 48 347 ± 37 200 ± 23 2.6
Ethyl vanillate 2.5 ± 1.4 6.9 ± 0.9 13 ± 2 24 ± 5 ± 33 ± 2 73 ± 10 67 ± 9 27
Acetovainillone 344 ± 63 297 ± 11 336 ± 29 420 ± 67 ± 343 ± 27 367 ± 42 473 ± 38 1.4
Total 454 470 518 762 715 851 846 1.9
Lactones
c-Butyrolactone <3.4 <3.4 <3.4 <3.4 <3.4 <3.4 <3.4
c-Hexalactone <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30
c-Nonalactone <0.23 <0.23 7.6 ± 1.8 88 ± 10 29 ± 3 34 ± 7 36 ± 3 4.7
(R)-()-Pantolactone <1.2 <1.2 <1.2 <1.2 7.5 ± 1.3 10 ± 3 9 ± 1 1.2
Total 0 0 7.6 88 37 44 45 6
Acids
Isobutyric acid <2.5 <2.5 [2.5–8.4] [2.5–8.4] 12 ± 2 26 ± 8 49 ± 6 4.1
Butanoic acid <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Isovaleric acid <5.0 <5.0 <5.0 11 ± 4 39 ± 1 242 ± 11 53 ± 7 4.8
Caproic acid [5.0–17] [5.0–17] [5.0–17] [5.0–17] [5.0–17] 29 ± 5 [5.0–17]
Caprylic acid 36 ± 23 73 ± 16 27 ± 11 [5.0–17] <5.0 <5.0 <5.0 0.7
Capric acid 33 ± 29 8.5 ± 4.2 <5.0 <5.0 <5.0 <5.0 <5.0 0.3
Geranic acid B 88 ± 15 59 ± 3 116 ± 13 115 ± 12 93 ± 18 133 ± 15 142 ± 12 1.6
Benzoic acid 701 ± 289 895 ± 89 1796 ± 1068 [1.0–3.4] 19,131 ± 2735 11,254 ± 4942 16,059 ± 1403 23
Total 858 1035 1939 126 19,275 11,684 16,308 19
Miscellaneous
Acetoin <10 <10 <10 <10 <10 <10 <10
Ethyl 3-hydroxybutyrate <5.4 <5.4 <5.4 <5.4 <5.4 6.7 ± 0.00 13 ± 0.00 1.9
2-Phenylethyl acetate 2.1 ± 0.6 1.9 ± 0.1 2.7 ± 0.00 1.3 ± 0.6 [0.06–0.19] 1.5 ± 0.3 0.85 ± 0.17 0.4
The Production Factor (PF) was calculated by dividing the average concentration of each compound at the end of the raisining between its initial concentration or between the
concentration of the ﬁrst sampling they appear.
ND not detected.
LQ limit of quantiﬁcation.
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Table 3
OAVs for the odorant series of the Garnacha Tintorera grapes during the raisining
process.
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and nerol in the last sampling.
In general, the bound C6 volatile compounds (alcohols and alde-
hydes) increased through raisining. The C6 alcohols were quantita-
tively much more important than the aldehydes (hexanal and
trans-2-hexenal), which are not typically bound to a sugar, as
was also indicated by Baumes (2009). The concentration of cis-3-
hexenol and trans-2-hexen-1-ol increased as expected because of
the water loss, while 1-hexanol, which was found in the greatest
concentration, and trans-3-hexen-1-ol showed PF greater than
2.6. This fact suggests that some kind of synthesis of glycoconju-
gates occurred.
In the same manner as occurred with the free aromatic alcohols,
2-phenylethanol increased in concentration to a greater extent
than the effect produced by raisining, while the concentration of
benzyl alcohol remained within expectations. Both benzyl alcohol
and 2-phenylethanol were found in higher quantities in the bound
form than in the free form, 30 and 2 times higher, respectively, as
we had observed in other red grape varieties previously studied in
our laboratory, Brancellao, Gran Negro and Mouratón (Noguerol-
Pato, González-Barreiro, Cancho-Grande, Santiago, et al., 2012;
Noguerol-Pato, González-Barreiro, Cancho-Grande, Martínez,
et al., 2012; Noguerol-Pato, González-Barreiro, Simal-Gándara,
et al., 2012).
Among the other alcohols studied, isoamyl alcohols were quan-
titatively the most important in the bound form and they showed
PF of 19 so the synthesis of these compounds could be carried out.
In general, the bound volatile phenols showed higher concen-
trations than the free phenols and a greater number of similar vol-
atile compounds were found after enzymatic hydrolysis. Almost
every volatile phenol displayed an increase in its concentration
during raisining, although only m-cresol, syringol, 4-vinylphenol
and ethyl vanillate registered a concentration higher than those ex-
pected by the effect of dehydration. 2-Methoxy-4-methylphenol,
4-ethylguaiacol, eugenol, 4-ethylphenol and acetovanillone
showed PF lower than 2.1, so degradation or transformation reac-
tions into other compounds could occur.
Quantitatively, the most important bound lactone was c-non-
alactone. Its concentration did not show linear behaviour during
raisining, but an increase of 4.7 times was observed at the end of
the process relative to the freshly cut Garnacha Tintorera grapes.
In the same way as occurred with the free acids, bound acids
showed an irregular behaviour and they were found in low concen-
trations, except for benzoic acid (ﬂoral descriptor), which regis-
tered an increase throughout raisining, reaching at the end of the
process a concentration 23 times higher than at the beginning. This
compound was found almost only in the bound form; so its contri-
bution to the ﬁnal aroma of the wine is determined by the treat-
ment undergone by wine grapes.
It is important to note the absence of acetoin within the group
of bound volatile compounds. This compound is normally related
to the process of raisining (Franco et al., 2004; Ruiz et al., 2010)
and with sweet wines, but, as this work shows, its contribution
to the ﬁnal aroma of these kinds of products is due only to its
occurrence in free form.
3.3. Evolution of aromatic proﬁle of Garnacha Tintorera grapes during
raisining
For the purpose of establishing the aroma proﬁle of Garnacha
Tintorera grapes submitted to a raisining process, OAVs were calcu-
lated. The values obtained were multiplied by the density of the
triturate where the concentration of the volatile compounds was
determined to obtain the OAVs without units, as Guth (1997) pro-
posed. Table 1 lists the OAVs for the volatile compounds calculated
as the sum of the OAVs of free and bound volatile compounds, to-gether with their sensory descriptors and perception threshold ta-
ken from the literature and the odorant series in which they were
classiﬁed. In order to simplify the study of the contribution of each
volatile compound to the aroma proﬁle of Garnacha Tintorera
grapes, the volatile compounds with similar descriptors were
grouped into 16 odorant series and their OAVs were added follow-
ing the criteria previously used by Ruiz et al. (2010). Table 3 shows
the OAVs for the odorant series of Garnacha Tintorera grapes during
the raisining process.
As can be seen, ‘caramelised’ was the greatest odorant descrip-
tor in every sampling throughout the process and its OAV exceeded
100 at the end of raisining. Even in freshly harvested grapes
(0 days), the ‘caramelised’ odorant was highest, without taking into
account the ‘fresh’ odorant descriptor. As Ruiz et al. (2010) suggest,
this observation can be attributed to the use of overripe grapes to
obtain raisins (225 g of sugar/L, Fig. 1b). Floral, burned and pheno-
lic odorants were also important aroma contributors to the aro-
matic proﬁle. At the beginning of the process, ﬂoral was the third
odorant in importance, as can be expected because of varietal ori-
gin of the volatile compounds that were included in this odorant
series.
With respect to the evolution of odorants throughout raisining,
a progressive increase of almost every odorant series was observed,
as can be expected due to the concentration effect derived from the
water loss during the process. The main exception to this trend was
the fresh series, which registered a great decrease from the begin-
ning of the process (OAV: 571) to the end (OAV: 26). The great de-
crease in the OAVs of hexanal and trans-2-hexanal (Table 1) was
largely responsible for the behaviour of this odorant series.
3.4. Comparison between the aromatic proﬁles of Garnacha Tintorera
raisins and their sweet wine
The Garnacha Tintorera grapes submitted to the raisining pro-
cess were used to elaborate a monovarietal, naturally sweet, wine
whose aromatic proﬁle had already been analysed in our labora-
tory (Noguerol-Pato, González-Álvarez et al., 2012). Fig. 2 shows
the comparison between the aromatic proﬁle of Garnacha Tintorera
raisins (day 83) and the naturally sweet wine obtained therefrom.
As it can be seen, caramelised, burned and phenolic odours were
signiﬁcantly higher in the raisins, while ﬂoral, tropical fruit and
tree fruit were in the majority in the naturally sweet wine.
Esters and acetates are the main markers of the fermentative ar-
oma and they are characterised by the provision of pleasant,
mainly fruity, odours to the wine. This explains why the tropical
fruit and tree fruit odours were predominant in the naturally sweet
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Fig. 2. Comparison between aromatic proﬁle of Garnacha Tintorera raisins and the
naturally sweet wine made from these grapes.
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concentration effect stemming from the yield of the winemaking
(about 24%). On the other hand, the difference between the raisins
and the naturally sweet wine in the caramelised, burned and phe-
nolic odours could be explained as being a result of some transfor-(a)
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Fig. 3. Comparison between the aromatic proﬁles of: (a) Garnacha Tintorera raisins/P
controlled-drying grapes.mations or degradation reactions of the volatile compounds
belonging to these odorant series.3.5. Comparison of the aromatic proﬁles of Pedro Ximenez and
Garnacha Tintorera grapes depending on the drying process
There are few works where the effect of the raisining process on
the aromatic proﬁle of the grapes have been studied and, when re-
ported, the authors do not always use the same criteria to group
the volatile compounds into each odorant series. Ruiz et al.
(2010) established the odorant series that we use in our work
and thus we can compare the aromatic proﬁles of two grape vari-
eties (Pedro Ximenez and Garnacha Tintorera) which were submit-
ted to different drying processes prior to the elaboration of the
wine.
Fig. 3a shows the comparison between Garnacha Tintorera rai-
sins and Pedro Ximenez sun-dried grapes. In both varieties, caram-
elised was the main odorant, although in Pedro Ximenez grapes it
was signiﬁcantly higher, as with spicy and tree fruit odorants. In
contrast, the Garnacha Tintorera grapes were characterised by
burned, phenolic and ﬂoral nuances. When Pedro Ximenez grapes
were dried under controlled conditions (Fig. 3b), the importance
of caramelised odour as a component of the aromatic proﬁle ofPedro Ximenez sun-drying grapes
Ripening
Pedro Ximenez contolled-drying grapes
Ripening
edro Ximenez sun-drying grapes and (b) Garnacha Tintorera raisins/Pedro Ximenez
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Pedro Ximenez, but spicy nuances were similar in both varieties.
The aromatic proﬁle of Garnacha Tintorera raisins was more similar
to Pedro Ximenez controlled-drying grapes because, in both, the
caramelised and ﬂoral nuances played an important role in their
aromatic proﬁle, while in Pedro Ximenez sun-dried grapes, after
the caramelised odour, the most important odours were spicy
and tree fruit.4. Conclusions
The process of grape drying in a chamber without controlled
conditions was carried out over 83 days until the grapes reached
the proper sugar content. At the end of the process, the total water
loss of the berries was about 62%. In general, the concentration of
both free and bound volatile compounds increased throughout
raisining, but with some exceptions. However, some volatile com-
pounds (isoamyl alcohols, 2-phenylethanol and ethyl vanillate)
showed even higher concentrations than those expected by the
concentration effect due to grape dehydration so their synthesis
could have been promoted by the water stress. In freshly cut
grapes, fresh odorants were the most important odours, but they
became less important to the aromatic proﬁle of Garnacha Tintorera
grapes as dehydration proceeded, while caramelised odours in-
creased until the end of the process, becoming the main odorant
in the raisins, as occurred in Pedro Ximenez grapes.
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The effect of winemaking procedures on the sensory modiﬁcation of sweet wines was investigated. Gar-
nacha Tintorera-based sweet wines were obtained by two different processes: by using raisins for viniﬁ-
cation to obtain a naturally sweet wine and by using freshly harvested grapes with the stoppage of the
fermentation by the addition of alcohol. Eight international sweet wines were also subjected to sensory
analysis for comparative description purposes. Wines were described with a sensory proﬁle by 12 trained
panellists on 70 sensory attributes by employing the frequency of citation method. Analysis of variance of
the descriptive data conﬁrmed the existence of subtle sensory differences among Garnacha Tintorera-
based sweet wines depending on the procedure used for their production. Cluster analysis emphasised
discriminated attributes between the Garnacha Tintorera-based and the commercial groups of sweet
wines for both those obtained by raisining and by fortiﬁcation. Several kinds of discriminant functions
were used to separate groups of sweet wines – obtained by botrytisation, raisining and fortiﬁcation –
to show the key descriptors that contribute to their separation and deﬁne the sensory perception of each
type of wine.
 2013 Elsevier Ltd. All rights reserved.1. Introduction ral sugar in the grape juice) and production of icewines (i.e. usingThe wine industry attempts to diversify the wine market pro-
ducing wines with distinctive characteristics and creating high
quality new products. In this sense, the production of sweet wines
could be a good wise to obtain this aim. Traditionally in the Pro-
tected Designation of Origin (PDO) Valdeorras (NE Galicia, Spain),
a naturally sweet wine made with Godello variety has been elabo-
rated during centuries. The international promotion of sweet wines
of Valdeorras began 100 years ago in a wine competition held in
France (Veiga, 2011). Nowadays the PDO Valdeorras is trying to re-
lease two new products to the market: a naturally sweet wine
made from dried red grapes of the Garnacha Tintorera variety and
a fortiﬁed one obtained from a base wine which fermentation
was stopped by adding ethanol suitable for human consumption.
The sugar content of a wine can be increased in different ways.
The most common techniques to obtain sweet wines with high
concentrations of sugar and alcohol are grape dehydration by rais-
ining (i.e. removing the grape water to increase the sugar concen-
tration); botrytisation (i.e. using grapes infected with noble rot
(Botrytis cinerea)); fortiﬁcation (i.e. adding alcohol to stop alcoholic
fermentation and consequently having not fermented all the natu-grapes frozen on the vine that are harvested and pressed while still
frozen).
Several studies have been published about the organoleptic
characteristics of the sundry sweet wines worldwide. In a previous
work, we have studied the aroma proﬁle of Garnacha Tintorera-
based sweet wines by chromatographic and sensorial analyses
with grapes of the 2010 harvest (González-Álvarez, Noguerol-Pato,
González-Barreiro, Cancho-Grande, & Simal-Gándara, 2012a;
Noguerol-Pato, González-Álvarez, González-Barreiro, Cancho-
Grande, & Simal-Gándara, 2012). Genovese, Gambuti, Piombino,
andMoio (2007) analysed by sensory descriptive analysis the inﬂu-
ence of overripeness, drying and Botrytis cinerea on the sensory
proﬁle of sweet Fiano wine versus its correspondent base wine.
They reported that the typical terms used to describe this variety
did not change signiﬁcantly, but the main nuances (fruity, ﬂoral
and vegetal) found in the base wine were replaced by citrus jam,
dried apricot, dried ﬁgs, prune, honey and coconut in the case of
the sweet ones. Nurgel, Pickering, and Inglis (2004) developed sen-
sory proﬁles of some icewines with particular consideration to
varietal, vintage variation and regional inﬂuences. The authors no-
ticed that there were sensory differences according to each source
of variation, for instance, according to the region, they found apri-
cot, raisin, honey and oak aromas more pronounced in Ontario
icewines, while British Columbia ice wines had higher intensities
of pineapple and oxidised aromas.
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new products. Conventional descriptive analysis, based on ISO
standard norm 11035 (1994), is a reference method in sensory sci-
ence. Conventional descriptive analysis is generally well adapted
when applied to simple products, but is less suited to proﬁle com-
plex products, especially when dealing with odour (Lawless, 1999).
The frequency of citation method is a suitable and successful alter-
native to conventional descriptive analysis. McCloskey, Sylvan, and
Arrhenius (1996) and Le Fur, Mercurio, Moio, Blanquet, and Meu-
nier (2003), were the pioneers using this approach to characterise
wine aroma of Chardonnay from California and Burgundy, respec-
tively. Later Piombino, Nicklaus, Le Fur, Moio, and Le Quéré (2004)
evaluated wine odour attributes of red wines from Pinot noir and
Aglianico grapes. Campo, Do, Ferreira, and Valentin (2008) used
also this technique to describe Spanish white wines (some of them
from the PDO Valdeorras). More recently, Campo, Ballester, Lang-
lois, Dacremont, and Valentin (2010) compared the conventional
descriptive analysis with the frequency of citation method. Their
study showed that a panel trained in the frequency of citation
method could act as a routine evaluation ‘‘instrument’’ and analyse
different types of samples after a relatively short speciﬁc training
period. Furthermore, with this method a hierarchy of the most rep-
resentative descriptors of each wine could be achieved without rat-
ing intensities. Finally, with the help of sensory descriptive analysis
based on citation frequencies for aroma attributes, Sáenz-Navajas,
Martín-López, Ferreira, and Fernández-Zurbano (2011) deﬁned the
sensory space of premium commercial Spanish red wines and
determined the implication of their sensory properties in the qual-
ity perception of wine professionals.
As it was previously done with Godello white wines (González-
Álvarez, González-Barreiro, Cancho-Grande, & Simal-Gándara,
2011; González-Álvarez, Noguerol-Pato, González-Barreiro, Can-
cho-Grande, & Simal-Gándara, 2012b), the goal of this work was
to establish the sensory proﬁle of two different Garnacha Tintorera
sweet wines and their sensory differences depending on the wine-
making process employed using this time the frequency of citation
method. In addition, the Garnacha Tintorera sweet wines were
compared and differentiated from some renowned international
sweet wines.2. Materials and methods
The PDO Valdeorras seeks to revalue a grape variety (Garnacha
Tintorera) with an important production in the area by releasing
two high quality sweet wines: a naturally sweet wine and a forti-
ﬁed wine. The main reason to choose this cultivar was the excel-
lent oenologic properties for raisining.
2.1. Wines
In September 2011 around 900 kg of red grapes of the cv. Gar-
nacha Tintorera grown in Valdeorras (Ourense, NW Spain) were
harvested at technological ripeness. The sugar concentration was
225 g/L, total acidity was 4.4 g/L and pH was 3.89. Two winemak-
ing experiments, by two replicates each, were performed at the
cellar of the Regulatory Council of the PDO Valdeorras.
2.1.1. Garnacha Tintorera naturally sweet wine (GNSW)
This wine was a naturally sweet wine made from dehydrated
Garnacha Tintorera grapes. The winemaking process differed mark-
edly from that for typical Garnacha Tintorera base wine. Thus,
around 700 kg of the harvested Garnacha Tintorera red grapes were
harvested at optimum ripening stage and stored in plastic boxes
for 3 months to carry out the drying process in order to concentrate
sugars under natural conditions of temperature and relativehumidity. Bunches of grapes were placed in a single layer in each
box and checked weekly, removing the spoiled grapes manually
for the purpose of getting the best conditions of raisining. After
drying, the grapes contained 464 g/L of reducing sugars, total acid-
ity was 6.3 g/L and pH was 3.78. The grapes were crushed in the
traditional manner (i.e. by treading with the feet) to obtain must
in early December. The resulting high-sugar must was squeezed
on a hydraulic press of 25 kg and placed in a metallic fermentation
vessel for inoculation with Saccharomyces cerevisiae Fermol Super
16 yeasts (AEB Group, S.p.A., Brescia, Italy) after 24 h. Alcoholic fer-
mentation started one week later and lasted one month at room
temperature (around 18–20 C). At the end of fermentation, the
wine was racked and cooled to very low temperatures to facilitate
settling of solid particles.2.1.2. Garnacha Tintorera fortiﬁed wine (GFW)
The remaining 200 kg of Garnacha Tintorera grapes were used to
obtain two replicates (100 kg each) of Garnacha Tintorera fortiﬁed
wine. Grapes were crushed, destemmed and each replicate was
placed in metallic fermentation vessels that were supplied with
SO2 at a 50 mg/L concentration and inoculated with Saccharomyces
cerevisiae commercial yeasts after 24 h at temperatures below
18–20 C. Density and temperature were measured daily during
alcoholic fermentation–maceration. Six days after inoculation,
the mixture was pressed in order to separate the solids from the
liquid portion. The alcoholic fermentation was stopped at an alco-
hol content of 7.5% by addition of 96% (v/v) ethanol ﬁt for human
consumption. Thus, the sugar of the grapes did not get to com-
pletely consumed. The wines were strained off through cellulose
ﬁlters and thereafter they were racked and supplied again with
SO2 at a 50 mg/L concentration.
Eight international sweet wines were selected for the sensory
analysis: three naturally sweet wines, three fortiﬁed wines and
two botrytised wines, four of them were based on red grapes and
the other four on white ones. The characteristics are shown in
the Table 1 together with those of the Garnacha Tintorera wines.2.2. Descriptive sensory method: frequency of citation
The frequency of citation method applied to a wine consists on
select the most pertinent odour attributes from a list containing a
relatively high number of terms to describe it (Campo et al., 2008).
Scores are computed from the number of times a term is selected
for a given wine by the judges. They are trained in the use of a gen-
eric pre-speciﬁed vocabulary list which is modiﬁed throughout
training to achieve concept alignment. The ﬁnal list contains a rel-
atively large number of terms organised in a hierarchical way in-
spired from the aroma wheel. This special feature allows judges
to describe a wine with the characteristics they could better iden-
tify either at a generic level or at a more speciﬁc one. Moreover, the
large number of available terms allows judges to precisely describe
their perception using the most appropriate term for them. Within
this approach judges have to select a maximum of ﬁve terms from
the list which seemed pertinent to characterise a wine. Scores are
computed from the number of times a descriptor is selected (fre-
quency of citation) (Campo et al., 2010).2.2.1. Panel
Wine evaluation by orthonasal olfaction and retronasal percep-
tion was carried out with the frequency of citation method by 12
professional wine tasters (4 women and 8 men, ages 29–57, med-
ian age 38 years). They were habitual consumers of wines and they
were not paid for their participation.
Table 1
Characteristics of the sweet wines sensorially analysed.
Wine brand Code Variety PDO Process Bottling alc.%
vol
Country
Garnacha Tintorera naturally
sweet wine A
GNSW A Garnacha Tintorera Valdeorras Raisining 2011 7 Spain
Garnacha Tintorera naturally
sweet wine B
GNSW B Garnacha Tintorera Valdeorras Raisining 2011 7.5 Spain
Garnacha Tintorera fortiﬁed
wine A
GFW A Garnacha Tintorera Valdeorras Fortiﬁcation 2011 13.6 Spain
Garnacha Tintorera fortiﬁed
wine B
GFW B Garnacha Tintorera Valdeorras Fortiﬁcation 2011 17 Spain
Porto Royal Tawny 20 years PORTO RT20 Red Port Blenda Porto Fortiﬁcation 2001 20 Portugal
Niepoort L.B.V. NIEPOORT Red Port Blenda Porto Fortiﬁcation 2008 20 Portugal
Signal Nill Straw Wine SIGNAL NILL Chenin Blanc and
Sauvignon Blanc
Stellenbosch (Western Cape,
South Africa)
Raisining 2001 9.5 South
Africa
Stiegelmar Beerenauslese STIEGELMAR Muskat-Ottonel Burgenland Botrytised 2004 12 Austria
Chateau Lavignac CHATEAU (80%) Sémillon and (10%)
Sauvignon
Sauternes Botrytised 2005 14 France
Domaine Pouderoux Maury DOMAINE Grenache Noir Maury Fortiﬁcation (Vins Doux
Naturels)
2006 15.5 France
Castaño Dulce CASTAÑO Monastrell Yecla Raisining 2006 16 Spain
Schmitges Erdener Spatlesse SCHMITGES Riesling Mosel Raisining (Late Harvest) 2007 8 Germany
a Red Port Blend: combination of grape varieties used in the production of Port wines, mainly Touriga Nacional, Touriga Francesa, Tinta Barroca, Tinta Roriz or Templanillo and
Tinto Cao, but also relatively common in Port production are Sousao, Tinta Amarela and Mourisco Tinto.
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Judges were provided with an initial list of 88 terms obtained
from the literature (Campo et al., 2010; Piombino et al., 2004).
The terms in the list were arranged by odour families: fruity, ﬂoral,
spicy, roasted, woody, vegetables, animal, undergrowth and dairy.
At the same time, the fruity family was classiﬁed into 9 groups:
white fruits, yellow fruits, citrus, red fruits, black fruits, dried fruits,
nuts, exotic fruits and muscat.
Different reference standards related with the aroma descrip-
tors were presented during the training. Some of these standards
were taken from Firmenich (Geneva, Switzerland) and were stable
during the whole period of the study; instead the standards not
commercially available were prepared with natural products the
evening before to ensure that their sensory properties were not
distorted.
The training period was composed of a phase of general training
and another phase of speciﬁc training. The general training con-
sisted of three sessions divided into two parts. At the beginning
of each session, the panellists became familiar with the speciﬁc
vocabulary of the list and smelled different standard aromatic ref-
erences trying to guess which substance was. In the second part,
they evaluated three different wines and described their odour
properties scoring up to 5 descriptors from the list. At the end of
each session the panellists discussed the most relevant character-
istics of each tasted wine. Among the wines selected for this phase
there were red and white wines of different grape varieties.
The speciﬁc training consisted of sessions in which panellists de-
scribed a total of 6 sweet wines of similar characteristics as those
of the study. During the training, the panellists modiﬁed the initial
list of terms by eliminating those terms they considered irrelevant,
ambiguous or redundant and by adding additional attributes they
considered pertinent. The responses were compiled for all the
wines, and those terms cited by less than 15% of the panel were
eliminated from the list. The ﬁnal list that included a total of 70
terms is presented in Table 2 together with their corresponding
odour reference standards.2.2.3. Wine evaluation
The 24 samples (12 wines ⁄ two repetitions) were divided into
four sets of 6 wines. Within a set, the samples were presented in
a sequential monadic order based on a William Latin-squarearrangement in order to reduce biases related to the order, carry-
over or expectation effects (Macﬁe, Bratchell, Greenhoff, & Vallis,
1989). Each member of the panel took part in four 1-h sessions,
assessing one set per session. A 10-min break was enforced in
the middle of each session to limit panellist fatigue. The panellists
were asked to evaluate wines via orthonasal olfaction and retrona-
sal perception and then to allocate to each wine a maximum of ﬁve
odour terms from the list of 70 terms. A different bottle of wine
was employed in each replication. The panellists were not in-
formed about the nature of the wines to evaluate.2.2.4. Data treatment
2.2.4.1. Individual panellists’ performance. The reproducibility index
(Ri) was calculated for each panellist to evaluate the individual
performance:
Ri ¼
P 2xdescom
desrep1þdesrep2
h i
n
ð1Þ
descom, number of common terms given by the judge in the two rep-
licates of a wine; desrep1 and desrep2: number of terms given by the
judge in the ﬁrst and second repetitions, respectively; n: number of
wines.
Data provided by judges whose Ri was smaller than 0.19 were
not taken into consideration when analysing the data of the assess-
ment of wines study.2.2.4.2. Terms citation frequency (Cf). All 70 terms were ranked
according to their Cf percentage to identify the most relevant terms
of each wine. These values (expressed as a percentage) were calcu-
lated for each descriptor as the number of times that the panellists
have cited this term divided by the number of panellists selected
for their suitable reproducibility index. The terms cited by less than
the 15% of the panel in, at least, one wine/repetition were not con-
sidered for the statistical analyses.
By way of example, Fig. 1(a) and (b) shows the plots of the cita-
tion frequencies (calculated as percentage) of the Garnacha Tintore-
ra-based wines depending on the winemaking process for generic
descriptors and speciﬁc descriptors, respectively.
Table 2
List of terms of odour reference standards used during the training period.
Descriptor odour reference Descriptor odour reference
White fruits Floral
Quince Homemade quince jellya Violet Solution (Firmenich)b
Apple Solution (Firmenich)b Rose Solution (Firmenich)b
Yellow fruits Geranium Geraniol (Aldrich)b
Peach/apricot Solution (Firmenich)b Spicy
Citric Thyme Thyme (Carrefour)b
Tangerine Tangerine juice (Carrefour)a Licorice Solution (Firmenich)b
Lemon Solution (Firmenich)b Clove Clove (Carrefour)b
Orange Orange juice (Granini)a Vanilla Vanillin (Aldrich)b
Grapefruit Solution (Firmenich)b Nutmeg Nutmeg (Carrefour)b
Red fruits Black pepper Black pepper (Carrefour)b
Cherry Solution (Firmenich)b Cinnamon Cinnamon (Carrefour)b
Strawberry Strawberriesa Curry Curry (Carrefour)b
Raspberry Raspberriesa Roasted
Black fruits Caramel Caramel (Royal)b
Blackberry Blackberry yogurta Coffee Coffee (Marcilla)b
Blueberry Blueberry juice (Granini)a Biscuit Biscuit (María Fontaneda)b
Dried fruits Chocolate Chocolate (Valour)b
Date Date (Carrefour)a Honey Honeyb
Fig Fig(Carrefour)a Toffee Solution (Firmenich)b
Dried apricots Dried apricot (Carrefour)a Woody
Prune Prune (Carrefour)a Fresh wood Solution (Firmenich)b
Raisin Raisin (Carrefour)a Smoky Solution (Firmenich)b
Nuts Scrape ⁄
Almond Ground almond (Carrefour)a Vegetables
Walnut Walnuta Olives Juice of olives (Carrefour)a
Hazelnut Hazelnuta Black olives Juice of black olives (Carrefour)a
Exotic fruits Bay leaf Bay leafa
Coconut Solution (Firmenich) Herbaceous Grass
Other fruity odours Dairy
Muscat Muscat winea Lactic Fresh cheese (Carrefour)a
Grape Grapesa Butter Butter (Président)a
Animal Undergrowth
Musk Solution (Firmenich) Mushroom Mushroom (Carrefour)
Leather Leathera Earthy Earthb
Bold: generic descriptors.
No bold: speciﬁc descriptors.
⁄Descriptor added after training period because of the suggestion of the tasters.
a Natural product contained in a glass amber ﬂask of 125 mL.
b Glass amber ﬂask (40 mL) containing an absorbent paper support impregnated with the odourant solution.
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The statistical analysis was performed with the statistical soft-
ware package Statgraphics Plus v. 5.1 (Manugistics, Rockville, MD,
USA). Signiﬁcant differences in sensory attributes between Garna-
cha Tintorera wines groups were detected by one-way ANOVA at
the 95.0% conﬁdence level.
A cluster analysis was performed based on Ward’s method
using as similarity measure the squared Euclidean distance to de-
tect groups of similar samples within the twomain groups of sweet
wines: raisins-based and fortiﬁed.
Finally, a discriminant algorithm was used to identify the spe-
ciﬁc variables potentially useful as predictors of:
1. Two groups of samples: raisins-based sweet wines, and fortiﬁed
sweet wines.
2. Three groups of samples: botrytised grapes-based sweet wines,
raisins-based sweet wines, and fortiﬁed sweet wines.
The discriminant functions should be statistically signiﬁcant at
the 95% conﬁdence level while affording optimal separation
amongst groups.3. Results and discussion
3.1. Signiﬁcant differences between Garnacha Tintorera sweet wines
A one-way analysis of variance (ANOVA) test at the 95% conﬁ-
dence level was made for the different Garnacha Tintorera-basedwines (those obtained by raisining and by fortiﬁcation winemaking
procedures). Table 3 shows the mean Cf percentage for the descrip-
tors whose p-values are less than 0.05; together with a summary
by descriptor of the ANOVA between treatments. Based on these
results, 5 generic and 7 speciﬁc sensorial descriptors differed sig-
niﬁcantly between wines.
3.1.1. Generic descriptors
Dried fruits, spicy and roasted odours were higher for the
GNSW, whereas black fruits and ﬂoral odours were higher for the
GFW.
3.1.2. Speciﬁc descriptors
The characteristic nuances of the GNSW were mainly almond,
vanilla, biscuit, chocolate and black olives. For GFW, typical nuan-
ces were those of blackberry and violet odours.
3.2. Similarities between the raisins-based and the fortiﬁed sweet
wines
The purpose of cluster analysis is to model groupings of Cf data
from different types of sweet wines (raisins-based and fortiﬁed)
resulting in a type of visual display, the dendrogram, which man-
ages to compress the data structure onto a 2-dimensional chart.
According to the dendrograms obtained taking into account only
the generic descriptors, the group of raisins-based wines
(Fig. 2(a)) shows how the GNSWwere more similar to Castaño Dul-
ce wine and then to Signal Nill Straw Wine; this group was mainly
(b) 
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Fig. 1. Citation frequencies (%) of the Garnacha Tintorera-based wines depending on the winemaking process for (a) generic descriptors and (b) speciﬁc descriptors.⁄Sig-
niﬁcant differences in the aroma (p-value < 0.05) between raisining and fortiﬁcation winemaking procedures.
M. González-Álvarez et al. / Food Chemistry 145 (2014) 1021–1030 1025characterised by dried fruits and roasted distinctive nuances (Ta-
ble 4). The GNSW samples showed lower levels of dried fruit nuan-
ces within the group. The 2nd group formed by the Schmitges
Erdener Spatlesse wines showed higher notes of white and yellowfruits, citrics and undergrowth odourants. With regards to the spe-
ciﬁc descriptors, the raisins-based wines (Fig. 2(b)) could be split
into two groups: the group of the GNSW, where the main aroma
descriptors were vanilla biscuit lactic blueberry strawberry,
Table 3
Mean citation frequency (Cf) percentage for the descriptors whose p-values < 0.05,
and parameters of the one-way analysis of variance (one-way ANOVA) between the
treatment groups for Garnacha Tintorera-based sweet wines.
Descriptor Cf % (mean, n = 4) ANOVA
GNSW (raisining) GFW (fortiﬁcation) F-ratio p-Value
Generic descriptor
Black fruits 29 52 6.7 0.042
Dried fruits 54 27 9.2 0.023
Floral 4 19 6.1 0.048
Spicy 69 52 13.8 0.010
Roasted 71 44 7.2 0.036
Speciﬁc descriptor
Blackberry 16 31 10.7 0.017
Almond 9 0 9.0 0.024
Violet 0 13 6.0 0.050
Vanilla 66 38 22.1 0.003
Biscuit 41 9 13.6 0.010
Chocolate 50 19 25.0 0.003
Black olives 13 0 6.0 0.050
In bold: the highest level for the descriptor.
Table 4
Cf percentage mean values of the descriptors signiﬁcantly different between the
groups formed in each dendrogram of Fig. 1 (p-value < 0.05 in two sample comparison
test).
Raisining
(a) Generic descriptors
Group 1 Group 2 Garnacha Tintorera subgroup of 1
White fruits 6 38 4
Yellow fruits 2 13 2
Citrics 4 96 2
Dried fruits 68 13 54
Roasted 71 33 71
Undergrowth 0 8 0
(b) Speciﬁc descriptors
Group 1 Group 2 Schmitges subgroup of 2
Strawberry 10 0 0
Blueberry 15 2 0
Vanilla 63 8 10
Biscuit 38 3 5
Lactic 18 0 0
Fortiﬁcation
(c) Generic descriptors
Group 1 Group 2
Black fruits 52 6
Floral 19 4
(d) Speciﬁc descriptors
Group 1 Group 2
Blackberry 23 0
Blueberry 25 2
Date 0 12
Geranium 13 0
Vanilla 38 15
Fresh wood 18 0
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with much lower mean Cf percentage values of these notes, spe-
cially lactic and strawberry, both not detected (in the Schmitges
subgroup, blueberry was also not detected, as it is shown in
Table 4).
Instead, fortiﬁed wines, based on generic (Fig. 2(c)) or speciﬁc
(Fig. 2(d)) descriptors, were separated in two groups: one formed
by those elaborated with Garnacha Tintorera and the other formed
by the remaining commercial fortiﬁed wines (Porto RT20, Domaine(a) (b)
(d)(c)
Fig. 2. Dendrograms (Ward’s method; squared Euclidean distance) for sweet wines obtained from raisining process (a) with generic descriptors and (b) with speciﬁc
descriptors; and from fortiﬁcation (c) with generic descriptors and (d) with speciﬁc descriptors.
Table 5
Discriminant functions used to predict at which group the new observations belong
to, together with the Cf percentage mean values for each wine group: discriminant
functions to distinguish between sweet wines obtained from raisining and fortiﬁca-
tion processes for (a) generic and (b) speciﬁc descriptors; and discriminant functions
to distinguish between the three groups of wines according to the process
botrytisation, raisining and fortiﬁcation for (a’) generic and (b’) speciﬁc descriptors.
(a) Generic descriptors
Standardised coefﬁcients (F = 1.25)
Attributes Function 1 (p = 0.000) Cf % mean
Raisining Fortiﬁcation
White Fruits 1.750 13 4
Vegetables 0.348 28 14
Animal 1.184 11 5
Undergrowth 1.166 2 8
Dairy 1.478 10 4
(b) Speciﬁc descriptors
Standardised coefﬁcients (F = 7.45)
Attributes Function 1 (p = 0.000) Cf % Mean
Raisining Fortiﬁcation
Cherry 1.798 3 18
Caramel 0.979 22 19
Biscuit 1.161 17 6
Honey 1.747 29 12
Black olives 1.506 15 6
(a0) Generic descriptors
Standardised coefﬁcients (F = 1.35)
Attributes Function 1 (p = 0.000) Cf % mean
Botrytis Raisining Fortiﬁcation
White Fruits 0.653 25 13 4
Yellow Fruits 1.046 21 4 1
Citrics 1.369 67 23 8
Red Fruits 0.696 0 12 30
Dried Fruits 0.838 50 57 38
Nuts 0.747 8 13 12
Muscat 0.724 36 9 7
Floral 0.922 19 9 10
Animal 1.671 13 11 5
Undergrowth 1.466 4 2 8
Dairy 1.744 4 10 4
(b0) Speciﬁc descriptors
Standardised coefﬁcients (F = 4.15)
Attributes Function 1
(p = 0.000)
Function 2
(p = 0.000)
Cf % mean
Botrytis Raisining Fortiﬁcation
Grapefruit 1.440 1.125 20 8 1
Cherry 0.298 0.954 0 3 18
Walnut 0.509 0.728 0 1 7
Muscat 2.725 0.611 38 3 2
Geranium 0.488 1.018 0 4 5
Bay leaf 1.987 0.455 10 0 0
Mushroom 1.798 0.667 5 1 1
Note: For (a), (b) and (a0) Function 1 is signiﬁcant at a 95% probability level. For (b0)
both functions are signiﬁcant at a 95% probability level.
In bold: the highest level for the descriptor.
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Fig. 3. Plot of discriminant functions for: (a) generic and (b) speciﬁc descriptors.
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follows: black fruits were dominant for the GFW, especially regard-
ing the blackberry and blueberry notes, but also fresh wood, vanilla
and ﬂoral odourants such as that of geranium. The date odourant
was key in the group formed by the fortiﬁed commercial wines.
Although Garnacha Tintorera wines have many sensory charac-
teristics in common with the other tested wines, Fig. 2 shows
how they are separated from the rest of wines suggesting that Gar-
nacha Tintorera wines have their own identity and typicity.
3.3. Identiﬁcation of the main sensory discriminant attributes to
separate sweet wine groups
A discriminant analysis (Table 5) was used to determine which
variables were signiﬁcant predictors of two groups of samples,namely: naturally sweet wines and fortiﬁed wines. One standard-
ised discriminating function was obtained for the generic descrip-
tors and another for the speciﬁc ones. For the generic descriptors
(Table 5(a)), the discriminant analysis was based on a forward step
algorithm with an F-to-enter = 1.25, and 5 variables were used in
the analysis to reach a 100% correct classiﬁcation. The mean Cf per-
centage for the 5 attributes/variables selected showed the follow-
ing decreasing trend: vegetables > white fruits  animal  dairy
for the naturally sweet wines, while for the fortiﬁed wines under-
growth was the key odourant. For the speciﬁc descriptors
(Table 5(b)), the discriminant analysis was based on a forward step
algorithm with an F-to-enter = 7.45, and only 5 variables were re-
quired to reach a 100% correct classiﬁcation: honey > cara-
mel > biscuit  black olives for the naturally sweet wines, while
for the fortiﬁed wines cherry was the key odourant.
A discriminant analysis (Table 5) was also used to determine
which variables were signiﬁcant predictors of three groups of
samples, namely: naturally sweet wines, botrytised grapes-based
wines and fortiﬁed wines. For the generic descriptors
(Table 5(a’)), the discriminant analysis was based on a forward step
algorithm with an F-to-enter = 1.35, and only one standardised dis-
criminating function was signiﬁcant (at the 95% conﬁdence level)
with the need of 11 variables to reach a 100% correct classiﬁcation:
in the group of botrytised grapes-based wines, the main nuances
were citricsmuscat > white fruits > yellow fruits  ﬂoral > ani-
mal; whereas in the group of raisining wines they were dried
fruits nuts  dairy; and in the fortiﬁed wines they were red
fruits undergrowth nuances. The only signiﬁcant discriminant
function 1 for the generic descriptors (Fig. 3(a)) separated the 3
groups of sweet wines depending on the winemaking process:
fortiﬁcation > raisining botrytisation.
For the speciﬁc descriptors (Table 5(b’)), the discriminant anal-
ysis was based on a forward step algorithm with an F-to-en-
ter = 4.15 and the two standardised discriminating functions
were signiﬁcant (at the 95% conﬁdence level) with the need of 7
variables which were required to reach a 100% correct classiﬁca-
tion: the clearly separated group of botrytised grapes-based wines
was dominated by notes of muscat > grapefruit > bay leaf > mush-
room; the most important attributes in the other 2 groups were
grapefruit for the raisining wines and cherry in the case of the
Table 6
Sensorial description of sweet wines grouped as a function of the sugar concentration process applied (Reboredo-Rodríguez et al., 2012).
Cultivar variety Geographical origin Sensorial description References
Fortiﬁed wines
Grenache Noir Southern France
(Rousillon)
Green nut, curry, chocolate, coconut, and honey Schneider, Baumes,
Bayonove, and Razungles
(1998)a
Touriga Nacional Northern Portugal
(Douro Demarcated
Region)
Plum brandy, mulberry, cherry, wild fruits and dry raisin aromas Falqué, Ferreira, Hogg, and
Guedes-Pinho (2004)a
Touriga Nacional and Touriga Francesa Northern Portugal
(Douro Demarcated
region)
Honey and caramel aromas Rogerson et al. (2001)a
Tinta Negra Mole South-West Portugal
(Madeira Island)
Vanilla and chocolate odour descriptors Perestrelo, Fernandes,
Albuquerque, Marques, and
Câmara (2006)b
Muscat and Gewürztraminer (85:15, w/w) – Nutty, caramel and burnt nuances Ortega-Heras and González-
Sanjosé (2009)a
Garnacha Tintorera North-West Spain
(Ourense, Galicia)
Vanilla, phenolic, wood and burnt wood tastes González-Álvarez et al.
(2012)a
Garnacha Tintorera North-West Spain
(Ourense, Galicia)
Vanilla, black fruits (blackberry and blueberry), fresh wood and
ﬂoral (geranium) odours
This worka
Botrytised wines
Aszú North-East Hungary
(Tokaj-Hegyalja)
Coconut, chocolate, peach, fruity, ﬂoral-honey and dried-roasted
aroma character
Miklósy, Kalmár, Pölös, and
Kerényi (2000)a; Miklósy and
Kerényi (2004)b
Sauvignon blanc, Semillon South-West France
(Sauternes)
Bacon-petroleum, feed, spicy, olive, bacon, plastic, rhubarb, lemon;
Floral, musty orange, caramel, curry, chocolate, acid fruit, liquor,
syrup, green apple, red fruit, peach, cardboard, rubber, wood,
phenolic, hay tree, vanilla, cake, sweet, coconut, butter, cotton
candy,
Bailly, Jerkovic, Meurée,
Timmermans, and Collin
(2009)b
Sauvignon blanc, Semillon South-West France
(Sauternes)
Citrus aroma, a raw onion odour Sarrazin et al. (2007)a
Late harvest wines
Fiano Central Italy (Tuscany) Citrus jam, dried apricot, dried ﬁgs, prune, honey and coconut Genovese et al. (2007)a
Moscato bianco Sicilia (Italy) Predominant apricot aroma, ﬂoral nuance of jasmine, sweet aromas
of caramel/honey, vanilla and almond
Guarrera, Campisi, and
Asmundo (2005)a
Sun drying wines
Pedro Ximenez South Spain (Andalusia) yoghourt, cake, fruit, and sweets; burnt and caramel odour Franco, Peinado, Medina, and
Moreno (2004)b
Pedro Ximenez South Spain (Andalusia) caramelised, ﬂoral, fresh, tree fruit, spicy, lactic, tropical fruit and
pungent
Ruiz, Zea, Moyano, and
Medina (2009)b
Malvasia delle Lipari (95% max) and
Corinto nero (5–8%)
Sicilia (Italy) Pungent aroma of black pepper, sweet aroma of caramel/honey and
ﬂoral nuances of jasmine and orange blossom
Guarrera et al. (2005)a
Tempranillo South Spain (Andalusia) Ripe fruit, milky, toasted and chemical López de Lerma, Martínez,
Moreno, Mauricio, and
Peinado (2012)a
Dried in a greenhouse or a store
Plavac mali Central Croatia
(Pelješac)
Dried fruit (raisin, prune and strawberry jam), berries (blackberry,
raspberry, strawberry, black currant and cherry), honey, and vanilla
Budic´-Leto et al. (2010)a
Garnacha Tintorera North-West Spain
(Ourense, Galicia)
Honey and dried fruit tastes, high odour intensity González-Álvarez et al.
(2012)a
Garnacha Tintorera North-West Spain
(Ourense, Galicia)
Odours of dried fruits, almond, vanilla, biscuit, chocolate and black
olives
This worka
Fast dehydration in a dehydration tunnel
Malvasia Central Italy (Tuscany) Flower and fruit nuance, peach nuance Bellincontro, De Santis,
Botondi, Villa, and
Mencarelli (2004)b
Pinot Noir Paciﬁc Northwest region
of USA (Willamette
Valley of Oregon)
Floral and fruity characters Moreno et al. (2008)b
Dried in a chamber after 5 days at controlled conditions
Pedro Ximenez South Spain (Andalusia) Chemical, caramelised, ﬂoral, lactic, and pungent Ruiz et al. (2009)b
Icewines
Riesling South Germany (Rhine) Nutty/oily character Cliff, Yuksel, Girard, and King
(2002)aRiesling and Vidal South-West Canada
(British Columbia)
Fruity or raisin/sherry aromas, ﬂoral, muscat, leechee, fruity,
peachy, strawberry, pineapple, sweet, and perfumy attributes,
honey/caramel, raisin/dried fruit, and sherry-like/oxidised
characters
Vidal, Riesling, Gewürztraminer,
Chardonnay, Pinot Blanc, Erhenfelser,
Erhenfelser–Vidal–Riesling, and Kerner
East-Central Canada
(Ontario)
Higher intensities of apricot, raisin, honey and oak aromas Nurgel, Pickering, and Inglis
(2004)a
South-West Canada
(British Columbia)
Higher intensities of pineapple and oxidised aromas
a The sensory description was taken from the sensory analysis of trained judges.
b The sensory description was taken from the descriptors associated with the volatile compounds analytically detected.
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with the 2nd discriminant function). Discriminant function 1 of the
speciﬁc descriptors (Fig. 3(b) separated the sweet wines as follows:
botrytisation (fortiﬁcation  raisining), whereas discriminant
function 2 was useful to separate fortiﬁcation > raisining.
3.4. Sensorial description of sweet wines as a function of the sugar
concentration process
Based on the review (Reboredo-Rodríguez, González-Barreiro,
Rial-Otero, Cancho-Grande, & Simal-Gándara, 2012) most of the
bibliography on the topic was summarised in Table 6, recording
different cultivar varieties and geographical origins.
Comparing GFW with the other fortiﬁed wines in Table 6 ob-
tained from red grapes (Grenache Noir, Touriga Nacional, Touriga
Francesa and Tinta Negra Mole), it can be seen that there are com-
mon odourants such as vanilla, some black fruits and wood. In the
case of GNSW, the comparison with the rest of wines obtained
from raisins of red grapes (Plavac Mali, Tempranillo and Pinot Noir)
suggests fruity odours, especially of dried fruits, vanilla and toasted
aromas as the common aromas between them.
The table is also useful to detect the most frequent sensorial
descriptors for a speciﬁc type of sweet wine:
- Fortiﬁed wines: nutty and chocolate nuances are predominant.
- Botrytised wines: caramel, citrus, peach, coconut and chocolate
are more frequent.
- Late harvest wines: dried apricot, dried ﬁgs, prune and honey are
key descriptors.
- Icewines: nutty, raisin, muscat, sherry-like and tropical fruits are
outlined against others.
- Drying wines: caramel, dried fruit, tree fruit, tropical fruit,
vanilla and lactic are the most common.
4. Conclusions
In summary, in the case of Valdeorras raisining and fortiﬁed
wines, dried fruits, spicy (vanilla in particular) and roasted (specif-
ically, biscuit and chocolate), black olives and almond odours were
higher for the raisins-based wines, whereas black fruits (black-
berry) and ﬂoral (violet) odours were higher for the fortiﬁed wines.
Garnacha Tintorera Naturally Sweet Wines were more similar to
Castaño Dulce wines and then to Signal Nill Straw wines, and this
entire group was mainly characterised by dried fruits and roasted
distinctive generic odour descriptors, together with vanilla, biscuit,
lactic, blueberry and strawberry speciﬁc odourants. On the other
hand, fortiﬁed wines of Garnacha Tintorera were dominated by
black fruits nuances, especially regarding the blackberry and blue-
berry odours but also fresh wood and ﬂoral notes such as those of
vanilla and geranium.
The selected wines (Valdeorras and commercial) were success-
fully discriminated from each other by their sensory characteris-
tics. When discriminating between all raisining and fortiﬁed
wines, notes of vegetables, white fruits, animal and dairy, together
with the speciﬁc descriptors of honey, caramel, biscuit and black
olives, were key for the naturally sweet wines, while for the forti-
ﬁed wines undergrowth was the key generic odour descriptor and
cherry was the speciﬁc note. Including in the comparison a 3rd
group of botrytised wines, the main odourants for these wines
were citrics, muscat, white and yellow fruits, ﬂoral and animal, to-
gether with grapefruit, bay leaf and mushroom; whereas in the
group of raisins-based wines they were dried fruits, nuts (walnut
mainly) and dairy, with geranium and especially grapefruit the
most characteristic within the group; in the group of fortiﬁed
wines the main odourants were red fruits (cherry mainly), under-
growth, and geranium.Acknowledgements
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Abstract Although grapes subjected to different sugar con-
centration methods are known to provide also different types
of sweet wines, the exact influence of such methods on the
sensory properties of the wines is largely unknown. The
purpose of this work was to identify differences in sensory
profile between young and aged wines obtained from grapes
subjected to various sugar concentration techniques. Differ-
ences in sensory properties were judged by a panel of
trained tasters. Young sweet wines were judged to have a
sweeter balance and a dried fruit taste associated to higher
global sensory attributes of odour and taste. Some differ-
ences in sensory fingerprint were due to their aging in oak
barrels, which introduced flavour mainly based on attributes
such as vanilla, phenolic, wood, and burnt wood tastes.
There were also clear differences between sweet wines
obtained by natural grape dehydration and others obtained
by fortification with 96 % (v/v) ethanol fit for human con-
sumption: naturally sweet wines were most appreciated than
fortified sweet wines, since they were not only ranking
higher in honey and dried fruit tastes, but also in overall
colour and odour.
Keywords Sweet wines . Postharvest natural grape
dehydration . Fortified wines . Aging . Vitis vinifera cv.
Garnacha Tintorera
Introduction
Galicia is a region in the North-Western corner of Spain
with five Protected Designations of Origin (PDO), namely:
Ribeiro, RíasBaixas, Valdeorras, Ribeira Sacra, and
Monterrei. Current trends in winemaking worldwide include
the production of wines from traditional minor varieties with
distinct sensory characteristics and of new high-quality
products such as sweet wines containing high levels of sugar
and alcohol. The sugar content of the wine can be increased
in a number of ways, the two most widely used being (a) the
addition of ethanol to stop alcoholic fermentation and pre-
vent part of natural sugars in grape must from fermenting
(i.e. fortification) and (b) the removal of water to concen-
trate the sugars (i.e. dehydration). The Valdeorras PDO
(NE Galicia) produces a sweet wine from dried white grapes
of the Godello variety. This PDO intends to promote the
production and marketing of a new sweet wine made from
dried red grapes of the Garnacha Tintorera variety. This is a
Teinturier cultivar with excellent enological characteristics
for raisining. Garnacha Tintorera cultivation is currently on
the increase, so using these grapes to obtain sweet wines
may be a good strategy towards diversifying wine produc-
tion in the Valdeorras PDO and giving the cultivar and
added value.
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The mechanisms by which the flavour of such wines can be
enhanced are still poorly known. Franco et al. (2004) succeeded
in describing odour in musts from Pedro Ximénez grapes in
terms of the raisining technique used; to this end, they classified
volatile compounds into aroma series and found the fruity,
solvent, sweet, and roasted series to increase in significance
as grape drying progresses. Also, Ruiz et al. (2010) found
chamber-drying under controlled conditions to result in stron-
ger raisining of grapes to be used in the production of Pedro
Ximénez sweet Sherry wine. Bellincontro et al. (2004) found
fast dehydration to alter the range of volatiles released by
Malvasia, Trebbiano, and Sangiovese grapes more markedly
than did slow dehydration. The same authors (Costantini et al.
2006) discussed the metabolic mechanism of the post-harvest
water stress responses that they observed. Others (Moreno et al.
2008) suggested that grapes harvested early and allowed to
dehydrate under controlled conditions prior to fermentation
undergo post-harvest changes in flavour consistent with those
occurring during ripening of the fruit. According to López de
Lerma and Peinado (2011), fermentation of high-sugar must by
osmoethanol tolerant Saccharomyces cerevisiae strains may be
a suitable alternativemethod for producing sweet wines; in fact,
the resulting wines were more chemically and sensorily com-
plex than traditionally produced wines.
The purpose of this work was to establish the potential
effect of the grape drying method used on the sensory
quality of sweet wines. Sensory evaluation is an essential
tool in the development of new products (Benlloch-Tinoco
et al. 2011; Chirife et al. 2011) and in the study of external
factors that can affect its quality, like the presence of new
fungicide residues in wines (González-Álvarez et al. 2011;
González-Álvarez et al. 2012). In this work, we focused on
determining and comparing the sensory profiles of three
Garnacha-based wine groups (viz. base wines, naturally
sweet wines, and wines obtained with fortification with
spirits) in order to determine the influence of the particular
winemaking method on their sensory quality. Some of those
wines were also aged for 2 years in oak barrels and then
compared to the corresponding young wines.
Material and Methods
Wines
Red grapes of the Garnacha Tintorera cv. grown in Valdeor-
ras (Ourense, NW Spain) were harvested in September 2008
and 2010. Six winemaking experiments in three different
groups (Table 1a) were performed at the cellar of the Val-
deorras PDO Regulatory Council. In a previous work, a
representative sample of each group was selected for subse-
quent comparison of volatile profile and sensory descriptors
(Noguerol-Pato et al. 2012).
Garnacha-Based Wine (GBW) A control sample. This was a
young (2010) red wine from Garnacha grapes. A portion of
grapes was used to obtain monovarietal Garnacha red wine by
following the typical procedure for this type of product: grapes
were crushed, destemmed, and placed in a metallic fermenta-
tion vessel that was supplied with SO2 at a 40-mg/L concen-
tration and inoculated with S. cerevisiae commercial yeasts
after 24 h. The mixtures were re-pressed twice a day, and
temperature and density measurements made, during alcoholic
fermentation–maceration, which took 10–11 days at temper-
atures below 18–20 °C. At the end of the process, the wine was
strained off, grape residues were pressed, and the wine–must
mixtures transferred to a metallic vessel for malolactic fermen-
tation under commercial lactic bacteria (Oenococcus oeni).
Finally, the wine was racked once more, supplied with SO2,
and clarified with fresh egg albumin prior to bottling.
Garnacha Naturally Sweet Wines (GNSW) Two samples.
These were naturally sweet wines made fromGarnacha grapes
harvested in 2008 or 2010 and dehydrated. The winemaking
process differed markedly from that for typical Garnacha-
based wine. Thus, the remaining portion of the harvested
Garnacha red grapes was stored in plastic boxes for 3 months
to facilitate drying and sugar concentration under controlled
conditions. Bunches of grapes from each box were placed in a
single layer and inspected on a weekly basis to remove spoilt
grapes by hand in order to optimize the raisining conditions.
The grapes were crushed in the traditional manner (i.e. by
treading with the feet) to obtain the must in early December.
The resulting paste was squeezed on a hydraulic press of 25 kg
and placed in a metallic fermentation vessel for inoculation
with S. cerevisiae Fermol Super 16 (AEB Group) yeasts after
24 h. Alcoholic fermentation started 1 week later and lasted
1month at room temperature (around 18–20 °C). At the end of
fermentation, the wine was racked and cooled to very low
temperatures to facilitate settling of solid particles. The wine
from 2008 grapes resulted contained 16 % alcohol and that
from 2010 grapes 8.5 %.
Garnacha-Mixed Wines (GMW) Three samples. Two of
them were mixtures of a Garnacha or Godello-fortified wine
from 2008 grapes with Garnacha naturally sweet wine from
2010 grapes. The fortified Garnacha wine was obtained
from young red wine based on Garnacha 2008 grapes alco-
holic fermentation of which was stopped at an alcohol
content of 4 % by addition of 96 % (v/v) ethanol fit for
human consumption, after which the wine was aged in
French oak barrels for 2 years. Finally, the wine was mixed
with GNSW from 2010 grapes (90:10). The same process
was made with Godello fortified wine from 2008 grapes but
the proportion of the mix with GNSW from 2010 grapes
was 80:20 (v/v). A further sample was obtained by mixing
30 % of GBW with 70 % of GNSW from 2010 grapes.
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Table 1 Description of wine samples (a) and sensory attributes (b)
(a) Wine samples
Sample group Sample number Description
1 1 Young red wine based on Garnacha 2010
2 2 Naturally sweet wine made with Garnacha 2008 (16 % alcohol)
6 Naturally sweet wine made with Garnacha 2010 (8.5 % alcohol)
3 3 10 % of wine number 6+90 % of wine from Garnacha 2008
switched off with distilled wine when reaching 4 % alcohol
and aged in French oak barrels for 2 years
4 20 % of wine number 6+80 % of wine Godello-2008 switched
off with distilled wine when reaching 3 % alcohol and aged
in French oak barrels for 2 years
5 30 % of wine 1+70 % of wine 6
(b) Sensory attributes
Sense Descriptor Definitions
Sight Limpidness Visual cloudiness, from matt to crystalline
Colour intensity Magnitude of colour, from very low to very high
Colour shade Nuance of colour, from purple to tile
Nose Odour Intensity Magnitude of odour, from very low to very high
Odour Persistence Length of time the odour remains after smelling
Odour Fineness Degree of pleasant odour perception
Fruity—Citrics Smell of orange, lemon, lime, grapefruit
Fruity—Berries Smell of currant, blackberry, strawberry, raspberry, blueberry
Fruity—Mediterranean fruit Smell of cherry, peach, plum, apple, pear
Fruity—Tropical fruit Smell of pineapple, banana
Fruity—Nuts Smell of almond, hazelnut, walnut
Fruity—Dried fruit Smell of raisins, dried plum, strawberry jam, dried figs, dates,
dried apricot
Floral—Orange flowers Smell of orange blossom, azahar
Floral—Violet Smell of violet
Floral—Rose Smell of rose
Floral—Geranium Smell of geranium
Floral—Broom Smell of broom flower
Vegetable—Grass Smell of cut grass, dry grass
Vegetable—Wood Smell of oak
Vegetable—Burnt wood Smell of smoke, burnt wood
Vegetable—Olive Smell of olive, black olive
Vegetable—Phenolic Smell of medicine, alcohol
Spicy—Vanilla Smell of vanilla
Spicy—Cinnamon Smell of cinnamon
Spicy—Spices Smell of curry, pepper
Spicy—Liquorice Smell of liquorice
Spicy—Clove Smell of clove
Caramelized—Caramel Smell of sweet, toasted, toffee
Caramelized—Chocolate Smell of cocoa, chocolate
Caramelized—Honey Smell of honey
Fermented—Cheese Smell of lactic products, cheese
Fermented—Butter Smell of butter
Fermented—Sour dough Smell of fermented dough
Mouth Aroma intensity Magnitude of aroma
Aroma persistence Length of time the aroma remains after tasting
Sweetness Degree of sweet taste
Acidity Degree of acid taste
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Sensory Analysis
The sensory analysis of the Garnacha-based wine samples
was performed in a professional room set in accordance with
ISO 8589 (2007) in order to facilitate the tasters’ task of
identifying descriptors. The room, located in the headquar-
ters of the Valdeorras PDO Regulatory Council, has 12
isolated tasting booths and optimal conditions for the sen-
sory evaluation of wine. Wines were analysed for sensory
aroma quality in terms of the descriptors of Table 1b. Eval-
uations were done by 11 trained panellists and experienced
tasters affiliated with the Valdeorras PDO who regularly
take part in sensory analyses of Valdeorras wines held on a
weekly basis.
A constant volume of 30 mL of each wine was evaluated
in wine-taster glasses at 12 °C in accordance with ISO 3591
(1977). The sensory judges smelled and tasted the different
wines, noted the specific descriptors they perceived, and
rated the intensity of each sensory attribute on a six-point
scale, 0 denoting that the descriptor concerned was not
perceived, and values from 1 to 5 that its intensity was very
low, low, medium, high, and very high, respectively. The
descriptors for each wine were classified by comparing the
relative intensity of each (viz. the intensity value given by a
panel taster for each descriptor with respect to the maximum
possible value, expressed as a percentage).
Statistical Analysis
Significant differences in sensory attributes between wines
were detected by one-way analysis of variance (ANOVA) at
the 95.0 % confidence level, using the statistical software
package Statgraphics Plus v. 5.1 (Manugistics, Rockville,
MD, USA). A Fisher’s Least Significant Difference (LSD)
test at the 95 % confidence level was then used to detect
subtle differences between group means; with this method,
Bitterness Degree of bitter taste
Astringency Roughness
Viscosity Thickness, density
Silkiness Intensity of smooth taste
Fruity—Citrics Aroma of orange, lemon, lime, grapefruit
Fruity—Berries Aroma of currant, blackberry, strawberry, raspberry, blueberry
Fruity—Mediterranean fruit Aroma of cherry, peach, plum, apple, pear
Fruity—Tropical fruit Aroma of pineapple, banana
Fruity—Nuts Aroma of almond, hazelnut, walnut
Fruity—Dried fruit Aroma of raisins, dried plum, strawberry jam, dried figs, dates,
dried apricot
Floral—Orange flowers Aroma of orange blossom, azahar
Floral—Violet Aroma of violet
Floral—Rose Aroma of rose
Floral—Geranium Aroma of geranium
Floral—Broom Aroma of broom flower
Vegetable—Grass Aroma of cut grass, dry grass
Vegetable—Wood Aroma of oak
Vegetable—Burnt wood Aroma of smoke, burnt wood
Vegetable—Olive Aroma of olive, black olive
Vegetable—Phenolic Aroma of medicine, alcohol
Spicy—Vanilla Aroma of vanilla
Spicy—Cinnamon Aroma of cinnamon
Spicy—Hot spices Aroma of curry, pepper
Spicy—Liquorice Aroma of liquorice
Spicy—Clove Aroma of clove
Caramelized—Caramel Aroma of sweet, toasted, toffee
Caramelized—Chocolate Aroma of cocoa, chocolate
Caramelized—Honey Aroma of honey
Fermented—Cheese Aroma of lactic products, cheese
Fermented—Butter Aroma of butter
Fermented—Sourdough Aroma of fermented dough
Global Quality Perceived overall quality
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there is a 5.0 % risk of deeming each pair of means signif-
icantly different when the actual difference is 0.
The results were additionally fitted to multiple linear
regression models in order to relate Quality with the other
sensory independent variables separately by sense (sight,
nose, and mouth). The stepwise forward selection method
with F-to-enter03.75 was used to reduce the number of
variables of the model.
Significant canonical correlations between the variables
of each pair of data sets (mouth vs. nose, mouth vs. sight,
nose vs. sight) were also obtained at the 95 % confidence
level. This procedure identifies the linear combinations of
two sets of variables having the highest mutual correlation.
Variables were previously standardized by subtracting their
means and dividing by their standard deviations.
Principal component analysis (PCA) represents the target
objects (samples or variables) by projecting the original data
set from the high dimensional space onto a lower-dimensional
space. The two or three major principal components (PCs,
also called “factors”) as calculated by linear combination of
the original objects at the 95 % confidence level usually
suffice to represent the total variability in the original data.
This multivariate technique requires no training set and oper-
ates in the unsupervised learning mode. PCA allowed us to
relate the different taste and odour attributes of Garnacha
wines, and also to identify the specific factors leading to the
greatest separation between sample groups.
A stepwise discriminant algorithm with F-to-enter03.75
was also used to identify the specific variables potentially
useful as predictors of the three groups of samples, the base
wine and the sweet wines, the naturally obtained wines, or
those obtained by mixing sweet wines of different quality.
The discriminant functions should be statistically significant
at the 95 % confidence level while affording optimal sepa-
ration between groups.
Results and Discussion
Identification of Sensory Attributes Significantly Differing
between Wines
Table 2 shows the mean relative intensities for all
sensory descriptors for the different Garnacha-based
wines and their standard deviations, together with a
summary by attribute of the ANOVA and a Fisher’s
LSD test at the 95 % confidence level between treat-
ments. Based on the LSD results, 3 sight attributes, 16
nose attributes, and 21 taste attributes, together with
overall quality, differed significantly between wines.
1. Sight attributes: the three attributes studied (limpidness,
colour intensity, and colour shade) were highly signifi-
cantly different.
2. Nose attributes: of the 16 attributes selected by LSD,
those identified by ANOVA were highly significantly
different. Citric and dried fruit odours were the discrim-
inant variables among fruity odours. The only floral
odour selected was that of geranium. Only wood and
olive nuances were chosen as regards vegetable odours.
The only spicy odour was vanilla. Finally, two caramel-
ized odours (caramel itself and honey) were also dis-
criminant variables.
3. Mouth attributes: of the 21 attributes selected by
LSD, those selected by ANOVA were highly signif-
icantly different. Therefore, the overall parameters
of aroma intensity and sweetness were highly sig-
nificantly different. Citric and dried fruit were the
discriminant variables among fruit tastes. The most
important among vegetable tastes were wood, burnt
wood, and olives. Finally, vanilla and caramel were
discriminant tastes as well.
Identification of the Main Sensory Attributes Affecting
Overall Wine Quality
Data were also fitted to a multiple linear regression
model in order to relate overall quality to individual
sensory variables by using the stepwise forward selec-
tion method to reduce the dimensions of the model.
Independent variables were separated by sense (sight,
nose, and mouth) and only those exhibiting least signif-
icant differences between samples as per Fisher’s test at
the 95 % confidence level (3, 16, and 21, respectively)
were used. The adjusted R2 statistic, which is more
suitable for comparing models with different numbers
of independent variables, was obtained for the following
models:
Quality respect to the sightð Þ ¼ 0:738 Colour intensity;R2 adjusted for d:f :ð Þ ¼ 88:1%
Quality respect to the noseð Þ ¼ 0:691 Odour intensityþ 0:237 Chocolate;R2 adjusted for d:f :ð Þ ¼ 90:8%
Quality respect to themouthð Þ ¼ 0:383 Aroma intensityþ 0:498 Silkiness;R2 adjusted for d:f :ð Þ ¼ 91:4%
In the usual ranges of these variables for Garnacha sweet
wines, an increased colour, odour, and aroma intensity,
together with a chocolate-like odour and a smooth silky
taste, contribute to a high quality.
Food Anal. Methods (2013) 6:289–300 293
Author's personal copy
Table 2 Mean relative intensities for the descriptors, and figures of merit of the one-way analysis of variance (one-way ANOVA) and Fisher’s least
significant differences (LSD) test at the 95 % probability level between treatment groups
Attributes Relative intensity % (n011) ANOVA
1 2 6 3 4 5 F ratio p value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Sight attributes
Limpidness 53.3b,c 28.3 35.6a 8.8 43.7a,b 22.7 56.3b,c 20.0 67.5c 10.4 51.3a,b,c 19.6 2.98 0.021
Colour intensity 70.0a,b 10.5 78.9b 10.5 100.0c 0.0 75.0a,b 14.1 67.5a 10.4 93.7c 9.2 13.94 0.000
Colour shade 51.0c 13.7 70.0c 15.8 35.0a,b 17.7 51.25b,c 23.6 53.75b 11.9 30.0a 15.1 6.32 0.000
Nose attributes
Odour Intensity 63.6a 8.1 71.8a,b 9.8 72.2a,b 13.9 80.0b 9.4 71.1a,b 14.5 74.0a,b 16.5 1.94 0.102
Odour Persistence 60.0a 8.9 69.1a,b 10.4 68.9a,b 10.5 71.1b 10.5 70.0a,b 15.1 74.0b 13.5 1.78 0.134
Odour Fineness 63.0a 16.4 64.0a 8.4 71.1a,b 14.5 75.6a,b 13.3 67.5a,b 14.9 78.0b 14.8 1.89 0.113
Fruity—Citrics 0.0a 0.0 6.0a 13.5 7.3a 18.5 7.3a 10.1 32.7b 20.5 5.5a 12.9 7.23 0.000
Fruity—Berries 47.3 20.5 32.7 38.2 47.3 39.3 38.2 38.4 25.5 34.7 50.9 38.3 0.86 0.515
Fruity—Mediterranean fruit 12.7 25.7 20.0 28.3 12.7 28.7 21.8 27.5 21.8 27.5 18.2 31.6 0.24 0.941
Fruity—Tropical fruit 7.3 24.1 0.0 0.0 0.0 0.0 5.5 18.1 1.8 6.0 1.8 6.0 0.60 0.700
Fruity—Nuts 0.0a 0.0 21.8b 37.4 14.5a,b 27.0 14.5a,b 28.4 9.1a,b 20.7 12.7a,b 22.4 0.90 0.489
Fruity—Dried fruit 12.7a 20.5 78.2c 16.6 76.0c 12.6 45.5b 27.0 41.8b 32.8 46.4b 33.5 9.98 0.000
Floral—Orange flowers 0.0 0.0 0.0 0.0 1.8 6.0 0.0 0.0 0.0 0.0 0.0 0.0 1.00 0.426
Floral—Violet 10.9 13.8 7.3 24.1 3.6 8.1 20.0 35.8 16.4 29.4 12.7 22.4 0.67 0.648
Floral—Rose 9.1 20.7 5.5 18.1 0.0 0.0 9.1 30.2 12.7 31.3 0.0 0.0 0.68 0.639
Floral—Geranium 10.9b 20.7 1.8a 6.0 0.0a 0.0 0.0a 0.0 0.0a 0.0 0.0a 0.0 2.70 0.029
Floral—Broom 0.0 0.0 9.1 16.4 3.6 12.1 5.5 18.1 5.5 18.1 5.5 18.1 0.42 0.835
Vegetable—Grass 5.5 12.9 7.3 24.1 10.9 20.7 0.0 0.0 12.7 28.7 3.6 12.1 0.68 0.642
Vegetable—Wood 1.8a 6.0 14.5a 28.4 7.3a 24.1 49.1c 42.3 45.5b,c 37.0 22.7a,b 26.9 4.86 0.001
Vegetable—Burnt wood 3.6a 12.1 3.6a 8.1 9.1a,b 20.7 14.5a,b 28.4 23.6b 33.2 3.6a 12.1 1.61 0.172
Vegetable—Olive 10.9a 20.7 10.9a 24.3 43.6b 32.0 9.1a 30.2 3.6a 8.1 12.7a 22.4 3.83 0.004
Vegetable—Phenolic 5.5 9.3 1.8 6.0 7.3 24.1 16.4 29.4 5.5 18.1 3.6 12.1 0.84 0.527
Spicy—Vanilla 0.0a 0.0 0.0a 0.0 7.3a 24.1 44.5c 39.8 34.5b,c 38.0 14.5a,b 25.4 5.40 0.000
Spicy—Cinnamon 1.8a 6.0 5.5a,b 18.1 0.0a 0.0 3.6a 12.1 21.8b 32.8 16.4a,b 25.0 2.32 0.054
Spicy—Spicy spices 10.9a,b 18.7 20.0b 29.7 0.0a 0.0 7.3a,b 16.2 0.0a 0.0 0.0a 18.5 2.02 0.089
Spicy—Liquorice 9.1 20.7 10.9 25.9 7.3 16.2 5.5 12.9 9.1 20.7 12.7 24.1 0.17 0.972
Spicy—Clove 20.0 31.0 0.0 0.0 9.1 24.3 20.0 34.6 21.8 34.0 14.5 29.8 0.97 0.442
Caramelized—Caramel 1.8a 6.0 27.3b 28.7 18.2a,b 27.5 41.8b 32.8 32.7b 35.0 18.2a,b 31.6 2.59 0.035
Caramelized—Chocolate 3.6a 12.1 36.4b 32.0 27.3a,b 33.8 45.5b 38.0 29.1a,b 39.4 40.0b 41.0 2.04 0.085
Caramelized—Honey 0.0a 0.0 20.0b,c 21.9 23.6b,c 26.6 29.1c 32.7 20.0b,c 26.8 5.5a,b 12.9 2.64 0.032
Fermented—Cheese 7.3 18.5 5.5 18.1 5.5 18.1 0.0 0.0 5.5 18.1 9.1 20.7 0.35 0.881
Fermented—Butter 1.8 6.0 1.8 6.0 1.8 6.0 7.3 24.1 3.6 12.1 10.1 25.9 0.62 0.683
Fermented—Sour dough 0.0 0.0 0.0 0.0 1.8 6.0 0.0 0.0 0.0 0.0 0.0 0.0 1.00 0.426
Mouth attributes
Aroma intensity 56.0a 12.6 76.4b 12.1 76.0b 15.8 76.0b 15.8 70.0b 10.5 74.0b 13.5 3.46 0.009
Aroma persistence 60.0a 21.1 74.5a,b 9.3 72.0a,b 27.0 72.0a,b 16.9 60.0a 14.1 80.0b 13.3 2.01 0.091
Sweetness 27.3a 20.5 80.0c,d 0.0 98.0e 6.3 62.0b 23.9 71.1b,c 14.5 86.7d,e 14.1 26.10 0.000
Acidity 46.7 28.3 49.1 16.4 47.5 21.2 52.0 16.9 54.0 13.5 50.0 18.5 0.19 0.965
Bitterness 37.3 26.1 28.9 22.6 28.9 17.6 20.0 20.0 28.0 19.3 28.9 24.7 0.61 0.691
Astringency 58.0b 17.5 34.0a 23.2 28.9a 20.3 48.9a,b 17.6 35.6a 26.0 37.5a,b 27.1 2.30 0.059
Viscosity 42.2a 25.4 66.0a,b 13.5 57.5b 32.8 55.6a,b 29.2 71.1a,b 24.0 75.6b 30.2 1.90 0.111
Silkiness 32.5a 18.3 65.0b 29.8 55.6a,b 34.3 57.5a,b 27.1 62.2b 25.4 60.0b 30.0 1.41 0.238
Fruity—Citrics 0.0a 0.0 16.4b,c 23.4 10.9a,b,c 20.7 3.6a,b 8.1 25.5 c 27.0 7.3a,b 18.5 2.67 0.031
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Detection of Correlations Between the Descriptors
for Different Senses (Sight, Nose, and Mouth)
Significant canonical correlations at the 95 % confidence
level were found between linear combinations of all pairs of
sensory variables obtained with the different senses, name-
ly: mouth and nose (r00.995), mouth and sight (r00.968),
and nose and sight (r00.872). Table 3 shows the linear
combinations of the variable sets exhibiting the highest
canonical correlations. For simplicity, only those coeffi-
cients higher than 0.25 were considered. In this way, a dried
fruit taste was correlated with a dried fruit odour, which is
very typical of sweet wines; therefore, other positively cor-
related sensory characteristics were characteristic of sweet
wines (phenolic and clove tastes), and wood and chocolate
odours (Table 3a), which leave a geranium taste typical of
the base wines. Moreover, sweetness was correlated with a
caramel taste, and also with astringency and taste persis-
tence, which, together with colour intensity, are typical of
sweet wines (Table 3b); on the other hand, silkiness, nuts,
and rose tastes were correlated with each other and with
limpidness, coinciding with some characteristics of the base
wines. As can be seen from Table 3c, dried fruit odour was
correlated with odour fineness and, especially, with olive
Table 2 (continued)
Attributes Relative intensity % (n011) ANOVA
1 2 6 3 4 5 F ratio p value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Fruity—Berries 41.8 24.4 29.1 37.3 40.0 33.5 40.0 41.0 14.5 31.1 42.0 39.4 1.08 0.383
Fruity—Mediterranean fruit 3.6 12.1 14.5 23.8 18.2 31.6 23.6 30.7 20.0 35.8 18.2 32.8 0.63 0.680
Fruity—Tropical fruit 0.0 0.0 0.0 0.0 0.0 0.0 1.8 6.0 0.0 0.0 0.0 0.0 1.00 0.426
Fruity—Nuts 5.5a 12.9 9.1a,b 20.7 9.1a,b 20.7 12.7a,b 24.1 7.3a 18.5 27.3b 30.0 1.46 0.216
Fruity—Dried fruit 16.4a 28.0 60.0c 41.0 70.0c 27.9 54.5b,c 32.4 27.3a,b 33.8 67.3c 27.2 5.26 0.000
Floral—Orange flowers 0.0 0.0 0.0 0.0 1.8 6.0 0.0 0.0 3.6 12.1 0.0 0.0 0.84 0.527
Floral—Violet 9.1 20.7 10.9 24.3 3.6 12.1 10.9 25.9 18.2 34.0 20.0 33.5 0.59 0.709
Floral—Rose 0.0a 0.0 0.0a 0.0 0.0a 0.0 7.3a,b 24.1 18.2b 34.0 9.1a,b 30.2 1.33 0.263
Floral—Geranium 14.5b 23.8 0.0a 0.0 7.3a,b 24.1 0.0a 0.0 0.0a 0.0 0.0a 0.0 2.13 0.074
Floral—Broom 1.8 6.0 0.0 0.0 5.5 18.1 0.0 0.0 0.0 0.0 5.5 18.1 0.68 0.637
Vegetable—Grass 9.1 16.4 7.3 24.1 0.0 0.0 7.3 24.1 1.8 6.0 3.6 8.1 0.55 0.738
Vegetable—Wood 1.8a 6.0 12.3a,b,c 24.1 7.3a,b 18.5 32.7c 33.8 25.5b,c 27.0 21.8a,b,c 24.4 2.64 0.032
Vegetable—Burnt wood 3.6a 8.1 0.0a 0.0 3.6a 12.1 29.1b 35.1 12.7a,b 28.7 7.3a 18.5 2.83 0.023
Vegetable—Olive 14.5a,b 22.1 3.6a 12.1 21.8b 31.6 1.8a 6.0 0.0a 0.0 5.5a 18.1 2.39 0.048
Vegetable—Phenolic 1.8a 6.0 7.3a 24.1 12.7a,b 31.3 34.5b 39.1 16.4a,b 28.0 20.0a,b 35.8 1.64 0.163
Spicy—Vanilla 0.0a 0.0 1.8a,b 6.0 5.5a,b 12.9 30.9c 38.3 20.0b,c 31.0 20.0b,c 25.3 3.10 0.015
Spicy—Cinnamon 0.0a 0.0 23.6b 34.4 1.8a 6.0 10.9a,b 25.9 5.5a 18.1 3.6a 12.1 2.12 0.075
Spicy—Hot spices 3.6 8.1 7.3 24.1 0.0 0.0 9.1 20.7 10.9 24.3 5.5 18.1 0.51 0.767
Spicy—Liquorice 5.5 12.9 9.1 20.7 0.0 0.0 5.5 18.1 10.9 18.7 7.3 18.5 0.58 0.714
Spicy—Clove 21.8b 26.0 12.7a,b 24.1 0.0a 0.0 27.3b 35.0 10.9a,b 20.7 10.9a,b 25.9 1.67 0.154
Caramelized—Caramel 1.8a 6.0 25.5a,b 29.8 46.4b 26.9 40.0b 34.6 34.5b 35.9 29.1b 38.3 2.83 0.023
Caramelized—Chocolate 3.6a 12.1 27.3a,b 32.6 27.3a,b 33.8 34.5b 40.1 23.6a,b 36.7 10.9a,b 24.3 1.51 0.201
Caramelized—Honey 0.0a 0.0 16.3a,b 29.4 29.1b 35.1 16.4a,b 21.6 9.1a,b 24.3 25.5b 33.6 1.74 0.139
Fermented—Cheese 5.5 18.1 0.0 0.0 3.6 12.1 0.0 0.0 0.0 0.0 3.6 12.1 0.62 0.682
Fermented—Butter 3.6 8.1 5.5 18.1 0.0 0.0 3.6 12.1 3.6 12.1 0.0 0.0 0.48 0.791
Fermented—Sourdough 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Global quality
Quality 32.5a 10.4 71.1c 14.5 51.1a,b 30.2 71.1c 20.3 55.6b,c 16.7 68.9b,c 20.3 4.97 0.001
In bold, least significant difference (LSD) at 95 % between groups. There is a 5.0 % risk of considering each pair of means significantly different
when the difference equals 0.Values with the same letter (a ,b, c) denote wines with no significant differences
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and hot spice odours, as well as colour intensity; on the
other hand, the typical geranium odour of the base wines
was correlated with nuts and vanilla odours, as well as with
limpidness.
Principal Component Analysis of Sensory Descriptors
for Tastes and Odours
PCAwas used to identify the specific sensory descriptors of
taste and odour best discriminating between the Garnacha
wines studied. PCAwas initially applied to taste descriptors.
Figure 1a shows the variable loadings scatter plot for the
first two PCs, which jointly accounted for 54.9 % of the
total variance; the plot allowed three groups of correlated
taste variables to be established. Figure 1b is the
corresponding odour loadings plot for the first two PCs,
which jointly accounted for 46.3 % of the total variance;
the plot was used to establish the relative importance of each
odour descriptor in order to identify groups within samples.
Three different taste groups were established from the top
left to the bottom right corner of Fig. 1a. In the top left group
of taste variables fell sweetness, viscosity, silkiness, dried
fruit taste, caramel taste, honey taste, taste intensity, and
taste persistence, which are quite typical of young sweet
Table 3 Highest and significant (p<0.05) canonical correlations
between the linear combinations of two sets of variables: (a) mouth
vs. nose, (b) mouth vs. sight, and (c) nose vs. sight
(a) Mouth vs. Nose
Highest canonical correlations between mouth and nose variables
Linear combination of mouth
variables
Linear combination of nose
variables
Mouth variables Coefficients Nose variables Coefficients
Taste intensity −0.227 Odour intensity 0.056
Taste persistence −0.195 Odour persistence 0.024
Sweetness 0.245 Odour fineness −0.116
Astringency −0.037 Citrics 0.081
Viscosity −0.080 Nuts 0.193
Silkiness 0.225 Dried fruits 0.481
Citric taste 0.156 Geranium −0.040
Nuts taste 0.061 Wood 0.342
Dried fruit taste 0.317 Burnt wood −0.004
Rose taste 0.078 Olive −0.102
Geranium taste −0.347 Vanilla 0.181
Wood taste 0.051 Cinnamon −0.024
Burnt wood taste −0.241 Hot spice 0.216
Olive taste −0.166 Caramel −0.146
Phenolic taste 0.312 Chocolate 0.376
Vanilla taste −0.011 Honey −0.027
Cinnamon taste −0.008
Clove taste 0.459
Caramel taste 0.104
Chocolate taste 0.036
Honey taste 0.042
Canonical correlation: 0.995 (p<0.0001)
(b) Mouth vs. Sight
Highest canonical correlations between mouth and sight variables
Linear combination of mouth
variables
Linear combination of sight
variables
Mouth variables Coefficients Sight variables Coefficients
Taste intensity −0.197 Limpidness 0.503
Taste persistence −0.275 Colour intensity −0.816
Sweetness −0.736 Colour shade −0.119
Astringency −0.587
Viscosity 0.100
Silkiness 0.270
Citric taste −0.008
Nuts taste 0.312
Dried fruit taste −0.181
Rose taste 0.483
Geranium taste −0.074
Wood taste 0.182
Burnt wood taste 0.152
Olive taste −0.127
Phenolic taste −0.212
Vanilla taste −0.070
Cinnamon taste −0.057
Clove taste 0.209
Caramel taste −0.309
Chocolate taste 0.213
Honey taste 0.009
Canonical correlation: 0.968 (p00.0001)
(c) Nose vs. sight
Highest canonical correlations between nose and sight variables
Linear combination of nose
variables
Linear combination of sight
variables
Nose variables Coefficients Sight variables Coefficients
Odour intensity −0.088 Limpidness 0.564
Odour persistence 0.171 Colour intensity −0.632
Odour fineness −0.501 Colour shade 0.144
Citrics −0.089
Nuts 0.471
Dried fruits −0.454
Geranium 0.344
Wood 0.112
Burnt wood 0.245
Olive −0.691
Vanilla 0.469
Cinnamon −0.019
Hot spice −0.489
Caramel −0.176
Chocolate −0.129
Table 3 (continued)
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wines. In the bottom right group was mainly two variables
(viz. geranium odour and astringency, which are very useful
for defining base wines). In between both groups fell the
variables chocolate, nuts, vanilla, phenolic, wood, citric,
cinnamon, rose, clove, burnt wood, and olive tastes, which
appear to be more characteristic of evolved aged sweet
wines.
Three groups of odours were established from the top left
to the bottom right corner of Fig. 1b. The top left group
contained global odours (viz. odour persistence, intensity,
and fineness), which are also indicative of young sweet
wines. The bottom left group encompassed a single variable
(viz. geranium odour, which is the most typical of the base
wines). In between the two groups were specific odour
variables including chocolate, caramel, honey, vanilla,
wood, cinnamon, dried fruit, citrics, burnt wood, nuts, olive,
and hot spice odours, which appear to be more closely
related to evolved aged sweet wines with a specific odour.
Identification of the Main Sensory Attributes Separating
Wine Groups
A discriminant analysis based on a stepwise selection algo-
rithm with F-to-enter03.75 was also used to determine
which variables were significant predictors of three groups
of samples, namely: Garnacha-based vs. naturally sweet
Garnacha wines and different mixtures of sweet Garnacha
wines. The two standardized discriminating functions
(SDF1 and SDF2) with a p value less than 0.0001 were
statistically significant at the 95 % confidence level and
required only 12 variables to explain, 93.5 % and 6.5 %,
respectively, of the variance between groups:
SDF1 ¼ 1:482 Colour shadeþ 1:199 Odour intensity 0:849 Dried fruitþ 0:946 Olive
0:993 Vanilla þ 2:297 Honeyþ 3:566 Sweetness 2:258 Astringency
2:678 Viscosityþ 1:325 Dried fruit tasteþ 2:104 Phenolic tasteþ 1:777 Quality
SDF2 ¼ 0:458 Colour shade 0:184 Odour intensity 1:054 Dried fruit
1:637 Oliveþ 1:568 Vanilla  1:039 Honeyþ 1:367 Sweetnessþ 0:272 Astringency
0:855 Viscosity 0:175 Dried fruit tasteþ 0:201 Phenolic tasteþ 0:445 Quality
All observations used to fit the model (11 tasters×6
wines) were accurately classified into one of the three
groups. Lower outputs of SDF1 separated group 1
(base wine) from groups 2 and 3 (sweet wines), with
higher outputs for SDF1. SDF2 was then used for the
separation of group 2 (naturally sweet wines) and 3
(mixtures of sweet wines), being group 2 outputs
slightly higher than for group 3. The relative magnitude
of the coefficients in the previous equations was used
in combination with the classification functions
obtained for each group (Table 4) to determine how
the independent variables were being used to discrimi-
nate between the two groups. High inputs of most of
the 12 selected variables helped classify the samples in
group 2 of Table 4 (naturally sweet wines), which were
more appreciated than those in group 3 of Table 4
(naturally sweet wines mixed with those fortified with
spirits).
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Fig. 1 Plot of principal components: (a) tastes and (b) odours
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Changes in Sensory Properties in Garnacha Sweet Wines
The main results of the sensory tests were as follows:
1. Fisher’s LSD. This test proved useful mainly to select
those sensory variables that were significantly different
between wines and could thus be used for differentiation
purposes. A total of 3 sight attributes, 16 nose attributes,
and 21 taste attributes were selected for sample
comparison.
2. Stepwise multiple linear regression. Overall quality in
the wines was clearly related to colour intensity among
sight attributes, odour intensity, and chocolate odour
among nose attributes, and taste intensity and silkiness
among mouth attributes.
3. Canonical correlations. Floral odours in general, and
geranium odour in particular, together with wine lim-
pidness, were associated to the base wines. On the other
hand, sweetness was correlated with a caramel taste, and
also with astringency and taste persistence, which in
addition to colour intensity, is typical of sweet wines.
4. Principal component analysis. This test allowed us to
group those variables that are characteristic of base
wines and separate young sweet wines from more
evolved, aged sweet wines. Base wines were mainly
identified by geranium nuances. Young sweet wines
are characterized by global odour and taste attributes;
whereas, aged sweet wines have a more personal fla-
vour mainly based on attributes such as vanilla, pheno-
lic, wood, and burnt wood tastes.
5. Stepwise discriminant analysis. Overall colour shade
and overall odour intensity, together with dried fruit,
olive, vanilla, and honey odours, plus overall sweetness,
astringency, and viscosity, in addition to specific dried
fruit and phenolic tastes, and overall quality, were the
specific attributes most markedly contributing to dis-
criminating between base and sweet wines, even though
the latter were obtained by subjecting grapes to different
sugar concentration methods. As regards those different
sugar concentration methods, it was also clear that nat-
urally sweet wines (group 2 in Table 4) were more
appreciated in overall quality than those obtained by
fortification with spirits (group 3 in Table 4). Naturally
sweet wines were rated with the highest marks in the
characteristic attributes of overall colour and odour.
They were also rated with the highest marks in the most
specific tastes, especially those of honey, dried fruit
taste, olive, and phenolic.
In summary, Garnacha-based wines are seemingly char-
acterized by floral odours, especially geranium nuances.
Although the application of different sugar concentration
methods to grapes allowed the production of different types
of sweet wines, their sensory descriptors were only slightly
dependent on the particular method used, especially as com-
pared to aging, which is a more critical variable. Naturally
sweet wines were most appreciated than fortified sweet
wines, since they were ranking higher in honey and dried
fruit tastes, but also in overall colour and odour. Young and
aged sweet wines are easy to distinguish: in aged wines the
most characteristic flavours were based on attributes such as
vanilla, phenolic, wood, and burnt wood tastes. Young
sweet wines were moved to a sweeter balance with a dried
fruit taste, which is associated with increased global sensory
attributes of odour (fineness and persistence) and taste
(sweetness, astringency, viscosity, and silkiness). Most of
the changes in sensory fingerprint were due to aging in oak
barrels, which mainly boosted tastes such as vanilla, pheno-
lic, wood, and burnt wood tastes. A comparative analysis of
the sensorial description of sweet wines grouped by geo-
graphical origin, cultivar variety and sugar concentration
process can be found in Table 5.
As far as we know our work is the first study about sensory
analysis of naturally sweet wines and fortified wines from
Garnacha Tintorera grapes. It has a practical interest for the
Valdeorras PDO since the release of a new product is always
encouraged being accompanied by its corresponding sensory
evaluation. Therefore, it may help to incorporate these new
products, naturally sweet wine and wine blends, to the regu-
lation of the Valdeorras PDO. Moreover, the fact of studying
these wines promotes the recovery of an ancient product with
high added value, naturally sweet wine and enhances the
culture of a red variety with ideal characteristics for raisining,
Table 4 Classification functions used to predict which level of group
new observations belong to
Attributes Classification function coefficients
Group 1 (n011) Group 2 (n022) Group 3 (n033)
Colour shade 0.574 2.431 1.947
Odour intensity 1.349 4.687 3.911
Dried fruit −0.192 −1.123 −1.162
Olive 0.416 1.699 1.058
Vanilla −0.253 −1.165 −0.731
Honey 0.833 4.284 3.296
Sweetness 1.542 8.162 7.291
Astringency −0.542 −3.533 −2.856
Viscosity −0.672 −4.596 −4.032
Dried fruit taste 0.239 1.536 1.239
Phenolic taste 0.443 2.740 2.312
Quality 0.537 2.968 2.586
Constant −52.09 −589.9 −420.1
Groups: Base wine (group 1), naturally sweet wines (group 2), and
sweet wines consisting of various mixtures (group 3)
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Garnacha Tintorera, authorized by the Valdeorras PDO, as
well as encourages market diversification.
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